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(54) OFDM COMMUNICATION DEVICE 



(57) By providing determining section that deter- 
mine a number of known signals for transmission path 
estimation to be inserted in a transmit signal based on 
channel quality with respect to a communicating party, 
and generating section that perform inverse Fourier 
transform processing on an information signal and the 



number of known signals for transmission path estima- 
tion determined by the determining section and gener- 
ating a transmit signal for the communicating party, it is 
possible to realize an OFDM communication apparatus 
that can achieve both an improvement in demodulated 
signal error rate characteristics and an improvement in 
information signal transmission efficiency. 



LO 
O) 

O) 
CM 



Q. 
LJJ 



PREAMBLE 2 



102 

jL 



SELECTION 



INFORMATION 
SIGNAL ~" 



101 



PREAMBLE 1 



MODULATION 




CONVERSION 




(FFT 




Gl 

INSERTION 









V 5 DEMODULATED V 3 



QUALITY 
INFORMATION 



DETECTION 



SIGNAL 







MEMORY 



DEMODULATION 



103 



112 



T 
104 



FFT 



111 



110 



AVERAGING 



SELECTION 
— z 



105 



108 



06 



SYNCHRONIZATION ♦ 



114 



INFORMATION 
INDICATING NUMBER OF 
PREAMBLES 



109 

\ 



07 



TIMING GENERATION 



FIG. 3 



OnntoW h» l n n.« 7CAA1 DA DIC tCOS 



EP 1 249 955 A1 



Description 

Technical Field 

[0001 J The present Invention relates to a communica- 5 
tion apparatus using the OFDM (Orthogonal Frequency 
Division Multiplexing) method (hereinafter referred to as 
"OFDM communication apparatus"), and more particu- 
larly to an OFDM communication apparatus that per- 
forms coherent detection. 

Background Art 

[0002] In conventional OFDM communication, a 
transmitting-side apparatus transmits a burst unit signal 
such as that shown in FIG.1 , for example, to a prede- 
termined receiving-side apparatus, as adopted in 
IEEE802.11 and the like, for example. As shown in FIG. 
1 , a burst unit signal includes guard intervals (Gl), a pre- 
amble for transmission path estimation, and an informa- 
tion signal (data). In a burst unit signal, the transmission 
path estimation preamble undergoes IFFT (inverse fast 
Fourier transform) processing, and the information sig- 
nal undergoes predetermined modulation processing 
and IFFT processing. 

[0003] The receiving-side apparatus detects the FFT 
(fast Fourier transform) processing start timing by cal- 
culating a correlation value between the IFFT-proc- 
essed transmission path estimation preamble and the 
transmission path estimation preamble in the received 
burst unit signal (received signal). The receiving-side 
apparatus then extracts the transmission path estima- 
tion preamble and information signal from the received 
signal by performing FFT processing on the received 
signal in accordance with the detected start timing. The 
receiving-side apparatus also performs transmission 
path estimation using the extracted transmission path 
estimation preamble, and performs information signal 
demodulation using the result of transmission path es- 
timation. By this means, the receiving-side apparatus 
can extract a demodulated signal. 
[0004] However, there is the following problem in con- 
ventional OFDM communication as described above. 
Namely, in conventional OFDM communication as de- 
scribed above, the number of symbols in a transmission 
path estimation preamble in a burst unit signal is fixed 
(in FIG.1, one symbol). 

[0005] In general, when a transmission path estima- 
tion preamble with a larger number of symbols is used 
on a fixed basis as a transmission path estimation pre- 
amble, the error rate characteristics of a demodulated 
signal obtained by the receiving-side apparatus are 
good. However, as a transmission path estimation pre- 
amble is not an information signal, using a transmission 
path estimation preamble with a larger number of sym- 
bols is equivalent to increasing the proportion of a burst 
unit signal occupied by superfluous information. That is 
to say, when a transmission path estimation preamble 
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with a larger number of symbols is used, information sig- 
nal transmission efficiency falls. 
[0006] On the other hand, when a transmission path 
estimation preamble with a smaller number of symbols 
is used on a fixed basis as a transmission path estima- 
tion preamble, the proportion of a burst unit signal oc- 
cupied by superfluous information is reduced, and infor- 
mation signal transmission efficiency is consequently 
improved. However, depending on conditions such as 
channel quality, there is a high possibility of deterioration 
of the error rate characteristics of a demodulated signal 
obtained by the receiving-side apparatus. 
[0007] Thus, in above-described conventional OFDM 
communications , there is a problem in that it is difficult 
to achieve both an improvement in demodulated signal 
error rate characteristics and an improvement in infor- 
mation signal transmission efficiency. 

Disclosure of Invention 

[0008] It is an object of the present invention to imple- 
ment an OFDM communication apparatus that achieves 
both an improvement in demodulated signal error rate 
characteristics and an improvement in information sig- 
nal transmission efficiency. 

[0009] This object is achieved by determining the 
number of known signals for transmission path estima- 
tion (transmission path estimation preambles) to be in- 
serted in a transmit signal (burst unit signal) in accord- 
ance with channel quality with respect to the communi- 
cating party. More specifically, this object is achieved by 
estimating demodulated signal deterioration factors at 
the communicating party using channel quality with re- 
spect to the communicating party, and also determining 
the number of known signals for transmission path es- 
timation to be inserted in a transmit signal based on the 
estimated deterioration factors. 



Brief Description of Drawings 

40 

[0010] 

FIG.1 is a schematic diagram showing the format 
of a burst unit signal used in a conventional OFDM 
4$ communication apparatus; 

FIG .2 is a schematic diagram showing the relation- 
ship between channel quality and demodulated sig- 
nal error rate for different numbers of transmission 
path estimation preambles; 
so FIG .3 is a block diagram showing the configuration 
of an OFDM communication apparatus according 
to Embodiment 1 of the present invention; 
FIG. 4 is a block diagram showing the configuration 
of the synchronization section in an OFDM commu- 
nication apparatus according to Embodiment 1 of 
the present invention; 

FIG.5 is a schematic diagram illustrating a burst unit 
signal format used by an OFDM communication ap- 
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paratus according to Embodiment 1 of the present 
invention (first example); ■ 
FIG.6 is a schematic diagram illustrating a burst unit 
signal format used by an OFDM communication ap- 
paratus according to Embodiment 1 of the present 5 
invention ( second example); 
FIG.7 is a block diagram showing the configuration 
of an OFDM communication apparatus according 
to Embodiment 2 of the present invention; 
FIG.8 is a schematic diagram illustrating reception 10 
levels of signals transmitted by each subcarrier in 
an OFDM communication apparatus according to 
Embodiment 2 of the present invention (first exam- 
ple); 

FIG.9 is a schematic diagram illustrating reception 15 
levels of signals transmitted by each subcarrier in 
an OFDM communication apparatus according to 
Embodiment 2 of the present invention (second ex- 
ample); 

FIG. 1 0 is a block diagram showing the configura- 20 
tion of the delay variance detection section in an 
OFDM communication apparatus according to Em- 
bodiment 2 of the present invention; 
FIG. 11 is a block diagram showing the configuration 
of the delay variance detection section in an OFDM 25 
communication apparatus according to Embodi- 
ment 3 of the present invention; 
FIG. 12 is a block diagram showing the configuration 
of an OFDM communication apparatus according 
to Embodiment 4 of the present invention; 30 
FIG. 13 is a block diagram showing the configura- 
tion of an OFDM communication apparatus accord- 
ing to Embodiment 5 of the present invention; 
FIG. 1 4 is a block diagram showing the configuration 
of an OFDM communication apparatus according 35 
to Embodiment 6 of the present invention; 
FIG. 15 is a schematic diagram illustrating correla- 
tion values calculated by the synchronization sec- 
tion of an OFDM communication apparatus accord- 
ing to Embodiment 6 of the present invention (first *o 
example); 

FIG. 16 is a schematic diagram illustrating correla- 
tion values calculated by the synchronization sec- 
tion of an OFDM communication apparatus accord- 
ing to Embodiment 6 of the present invention (sec- *s 
ond example); 

FIG. 17 is a block diagram showing the configura- 
tion of the correlation peak number detection sec- 
tion in an OFDM communication apparatus accord- 
ing to Embodiment 6 of the present invention; so 
FIG. 1 8 is a block diagram showing the configuration 
of an OFDM communication apparatus according 
to Embodiment 7 of the present invention; 
FIG. 1 9 is a block diagram showing the configuration 
of an OFDM communication apparatus according 55 
to Embodiment 8 of the present invention; 
FIG.20 is a schematic diagram illustrating a burst 
unit signal format in an OFDM communication ap- 



paratus according to Embodiment 9 of the present 
invention; 

FIG .21 is a block diagram showing the configuration 
of an OFDM communication apparatus according 
to Embodiment 9 of the present invention; 
FIG .22 is a block diagram showing the configuration 
of an OFDM communication apparatus according 
to Embodiment 10 of the present invention; 
FIG.23 is a block diagram showing a sample con- 
figuration of a correlator used in an OFDM commu- 
nication apparatus; 

FIG.24 is a block diagram showing the configuration 
of the correlator used in an OFDM communication 
apparatus according to Embodiment 11 of the 
present invention; 

FIG .25 is a block diagram showing the configuration 
of an OFDM communication apparatus according 
to Embodiment 12 of the present invention; 
FIG .26 is a schematic diagram illustrating reception 
levels of signals transmitted by each subcarrier in 
an OFDM communication apparatus according to 
Embodiment 1 2 of the present invention (first exam- 
ple); 

FIG .27 is a schematic diagram illustrating reception 
levels of signals transmitted by each subcarrier in 
an OFDM communication apparatus according to 
Embodiment 12 of the present invention (second 
example); and 

FIG .28 is a block diagram showing the configuration 
of the transmission path compensation section in 
an OFDM communication apparatus according to 
Embodiment 12 of the present invention. 

Best Mode for Carrying out the Invention 

[0011] With reference now to the accompanying 
drawings, embodiments of the present invention will be 
explained in detail below. 

(Embodiment 1) 

[0012] In this embodiment, a case is described where 
a transmission path estimation preamble (known signal 
for transmission path estimation) inserted in a burst unit 
signal is varied adaptively in accordance with channel 
quality. 

[0013] First, an outline of an OFDM communication 
apparatus according to this embodiment will be given 
with reference to FIG.2. FIG.2 is a schematic diagram 
showing the relationship between channel quality and 
demodulated signal error rate for different numbers of 
transmission path estimation preambles. FIG.2 shows 
results of computer simulation concerning the relation- 
ship between demodulated signal error rate in a receiv- 
ing-side apparatus and channel quality (Eb/No: the ratio 
of power necessary for transmitting a 1 bps signal to 
thermal noise power per Hz) for the case where the 
number of transmission path estimation preambles in- 
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serted in a bus is 1 and the case where the number of 
transmission path estimation preambles inserted in a 
bus is 2. The computer simulation conditions are as fol- 
lows. 

[0014] FFT sampling rate: 20 MHz; number of FFT 
samples: 64; guard interval length: 800 ns; modulation 
method: 16QAM; FEC: convolutional coding /viterbi de- 
coding (coding rate: 3/4; constraint length: 7); maximum 
Doppler frequency: 50 Hz; delay variance: 150 ns 
[0015] As can be seen from FIG.2, in the range up to 
an Eb/No value of approximately 29 dB p the Eb/No value 
for obtaining a predetermined packet error rate is ap- 
proximately 1 dB better when the number of transmis- 
sion path estimation preambles is 2 than when the 
number of transmission path estimation preambles is 1 . 
That is to say, when Eb/No is 29 dB or below, the de- 
modulated signal error rate is better when the number 
of transmission path estimation preambles is 2 than 
when the number of transmission path estimation pre- 
ambles is 1 . However, in the range in which the Eb/No 
value is approximately 30 dB or above, there is almost 
no difference in either case in the Eb/No value for ob- 
taining a predetermined packet error rate. This phenom- 
enon is due to the factors described below. 
[001 6] When the number of transmission path estima- 
tion preambles inserted in a burst unit signal is in- 
creased, thermal noise superimposed on each trans- 
mission path estimation preamble can be decreased in 
the receiving-side apparatus by averaging the transmis- 
sion path estimation preambles in a received signal. 
Thus, with a demodulated signal obtained using a prop- 
agation path result estimated by means of a transmis- 
sion path estimation preamble, deterioration due to ther- 
mal noise is suppressed, and consequently error rate 
characteristics are good. That is to say, increasing the 
number of transmission path estimation preambles in- 
serted in a burst unit signal is effective against error rate 
deterioration due to thermal noise in a demodulated sig- 
nal. 

[0017] However, even if the number of transmission 
path estimation preambles inserted in a burst unit signal 
is increased, it is not possible to improve deterioration 
of error rate characteristics caused by a deterioration 
factor other than thermal noise (such as inter-code in- 
terference, synchronization errors, or frequency offset 
due to multipath propagation, for example) . That is to 
say, increasing the number of transmission path estima- 
tion preambles inserted in a burst unit signal is ineffec- 
tive against error rate deterioration due to a deterioration 
factor other than thermal noise in a demodulated signal. 
[001 8] In FIG.2, it is clear that thermal noise is the pre- 
dominant factor in error rate deterioration in the range 
in which Eb/No is approximately 20 dBto approximately 
30 dB, and a factor other than thermal noise is the pre- 
dominant factor in error rate deterioration in the range 
in which Eb/No is approximately 30 dB or above. 
[0019] Therefore, when channel quality is within acer- 
tain approximate range (in FIG.2, the range from ap- 



proximately 20 dBto approximately 30 dB), it is possible 
to improve demodulated signal error rate characteristics 
by increasing the number of transmission path estima- 
tion preambles inserted in a burst unit signal, but when 

5 channel quality is within another certain approximate 
range (in FIG.2, the range from approximately 30 dB up- 
ward), transmission efficiency falls whatever increase is 
made in the number of transmission path estimation pre- 
ambles inserted in a burst unit signal, and demodulated 

10 signal error rate characteristics cannot be improved. 
[0020] In light of the above, in this embodiment the 
number of transmission path estimation preambles in- 
serted in a burst unit signal is varied adaptively in ac- 
cordance with channel quality. Specifically, when chan- 

'5 nel quality is of a certain level (that is, when a factor 
other than thermal noise is the predominant factor in de- 
terioration of error rate characteristics, and consequent- 
ly an improvement in the demodulated signal error rate 
cannot be expected even if the number of transmission 

20 path estimation preambles inserted in a burst unit signal 
is increased), the number of transmission path estima- 
tion preambles inserted in a burst unit signal is made as 
small as possible (in this embodiment, "1 "). Conversely, 
when channel quality is not good (that is, when thermal 

25 noise is the predominant factor in deterioration of error 
rate characteristics), the number of transmission path 
estimation preambles inserted in a burst unit signal is 
increased. 

[0021 ] By this means, it is possible to achieve both an 
30 improvement in demodulated signal error rate charac- 
teristics and an improvement in information signal trans- 
mission efficiency. 

[0022] An OFDM communication apparatus accord- 
ing to this embodiment will now be described with refer- 

35 ence to FIG.3. FIG.3 is a block diagram showing the 
configuration of an OFDM communication apparatus 
according to Embodiment 1 of the present invention. An 
OFDM communication apparatus according to this em- 
bodiment comprises a receiving system and a transmit- 

40 ting system. 

[0023] In the transmitting system, a modulation sec- 
tion 1 01 performs modulation processing on an informa- 
tion signal, and outputs the information signal that has 
undergone modulation processing to a conversion sec- 

45 tion 103. Based on quality information from a detection 
section 1 1 5 in the receiving system described later here- 
in, a selection section 102 outputs either transmission 
path estimation preamble 1 or transmission path esti- 
mation preamble 2 to the conversion section 103. As 

50 explained later herein, the quality information from the 
detection section 115 is information indicating the qual- 
ity of a demodulated signal in the receiving system. 
[0024] The conversion section 103 selects either an 
information signal that has undergone modulation 

55 processing by themodulation section 1 01 or a transmis- 
sion path estimation preamble from the selection sec- 
tion 1 02, and outputs it to an I FFT section 1 04. The I FFT 
section 104 performs I FFT processing on an information 
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signal that has undergone modulation processing and 
a transmission path estimation preamble from the con- 
version section 1 03 and generates an OFDM signal, and 
outputs the generated OFDM signal to a guard interval 
(hereinafter referred to as "Gl") insertion section 105. 
The Gl insertion section 105 inserts guard intervals in 
the generated OFDM signal and generates a transmit 
signal. The generated transmit signal is transmitted to 
the communicating party via an antenna 106. 
[0025] Meanwhile, in the receiving system, a synchro- 
nization section 1 08 outputs a signal received via an an- 
tenna 107 (a received signal) to an averaging section 
1 1 0 and selection section 111, and also calculates a cor- 
relation value between the received signal and the IFFT- 
processed transmission path estimation preamble, and 
detects the timing at which the calculated correlation 
value is at a maximum. To be specific, as shown in FIG. 
4, the synchronization section 1 08 comprises a correla- 
tor 301 that calculates a correlation value between the 
received signal and IFFT-processed transmission path 
estimation preamble, and a maximum value detection 
section (maximum detection section) 302 that detects 
the timing at which the correlation value calculated by 
the correlator 301 is at a maximum. The transmission 
path estimation preamble in the correlator 301 has the 
same signal pattern as the transmission path estimation 
preamble to be inserted in a burst unit signal. This syn- 
chronization section 1 08 outputs the timing detected by 
the maximum value detection section 302 to a timing 
generation section 109. 

[0026] Using the detected timing, the timing genera- 
tion section 1 09 generates a timing signal that indicates 
the start timing of FFT processing in an FFT section 112, 
and outputs the generated timing signal to the FFT sec- 
tion 112 that forms part of the demodulating means. 
[0027] The averaging section 1 1 0 performs averaging 
on the received signal from the synchronization section 
108 for a 2-symbol interval, and outputs the averaged 
received signal to selection section 111. Based on infor- 
mation indicating the number of transmission path esti- 
mation preamble symbols inserted in a burst unit signal, 
stored in memory 114, selection section 111 outputs ei- 
ther the received signal from the synchronization sec- 
tion 108 or the averaged received signal from the aver- 
aging section 1 1 0 to the FFT section 1 1 2. 
[0028] The FFT section 1 1 2 extracts the signal trans- 
mitted by each subcarrier by performing FFTprocessing 
on the received signal from selection section 111 . By 
this means, transmission path compensation is per- 
formed based on the timing signal from the timing gen- 
eration section 109. A demodulation section 113 that 
forms the demodulating means together with the FFT 
section 112 generates a demodulated signal by per- 
forming demodulation processing on the signal extract- 
ed by the FFT section 112. This demodulation section 
113 outputs the generated demodulated signal to the 
detection section 115 and also outputs information indi- 
cating the number of transmission path estimation pre- 



ambles in the demodulated signal to the memory 114. 
This information indicating the number of transmission 
path estimation preamble symbols is notified to the com- 
municating party via a broadcast channel or the like. The 
5 memory 114 stores this information indicating the 
number of transmission path estimation preambles, and 
also outputs this information to above-mentioned selec- 
tion section 111. 

[0029] The detection section 115 detects the quality 
10 of the demodulated signal from the demodulation sec- 
tion 113, and using the detection result, generates infor- 
mation indicating the quality of the demodulated signal 
(quality information). This quality information is output 
to above-described selection section 102 in the receiv- 
es ing system. 

[0030] Next, the operation of an OFDM communica- 
tion apparatus that has the above configuration will be 
described with additional reference to FIG .5 and FIG. 6. 
FIG.5 is a schematic diagram illustrating a burst unit sig- 
20 nal format used by an OFDM communication apparatus 
according to Embodiment 1 of the present invention 
(first example), and FIG.6 is a schematic diagram illus- 
trating a burst unit signal format used by an OFDM com- 
munication apparatus accordingto Embodiment 1 of the 
25 present invention (second example). 

[0031] In the transmitting system, the transmission 
path estimation preamble to be inserted in a burst unit 
signal is determined by the selection section 102 based 
on quality information from the detection section 115 in 
30 the transmitting system. That is to say, when the quality 
of a demodulated signal in the receiving system is great- 
er than or equal to a threshold value, based on recog- 
nition of the fact that a factor other than thermal noise 
is the predominant factor in deterioration of the demod- 
35 ulated signal error rate, a transmission path estimation 
preamble with a smaller number of symbols (the number 
of symbols here being "1") is selected as the transmis- 
sion path estimation preamble to be inserted in a burst 
unit signal. Conversely, when the quality of a demodu- 
^0 lated signal in the receiving system is lower than a 
threshold value, based on recognition of the fact that 
thermal noise is the predominant factor in deterioration 
of the demodulated signal error rate, a transmission 
path estimation preamble with a larger number of sym- 
45 bols (the number of symbols here being "2") is selected 
as the transmission path estimation preamble to be in- 
serted in a burst unit signal. 

[0032] The threshold value used in selection section 
1 02 can be set using channel quality at the critical point 

50 at which either thermal noise is predominant or a factor 
other than thermal noise is predominant as a factor in 
deterioration of the demodulated signal error rate (for 
example, Eb/No = 30 dB in FIG.2). In other words, the 
above-mentioned threshold value can be set using 

55 channel quality at the critical point at which demodulated 
signal error rate characteristics are either improved or 
not improved by increasing the number of transmission 
path estimation preambles inserted in a burst unit signal. 
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[0033] In this way, information indicating the number 
of symbols of the transmission path estimation pream- 
ble selected by selection section 102 is transmitted to 
the communicating party at the start of communication 
via a predetermined channel such as a broadcast chan- 
nel or control channel, and is stored in the receiving sys- 
tem memory 1 1 4 at the communicating party. It is desir- 
able for information indicating the number of symbols of 
the transmission path estimation preamble selected by 
selection section 1 02 to be transmitted thereafter to the 
communicating party via the above-mentioned prede- 
termined channel at predetermined time intervals, and 
not only at the start of communication. 
[0034] The transmission path estimation preamble 
selected by selection section 102 is output to the con- 
version section 103. An information signal is output to 
the conversion section 1 03 after being modulated using 
a predetermined modulation method (such as QPSK or 
16QAM,for example). 

[0035] The information signal that has undergone 
modulation processing by the 101 , or the transmission 
path estimation preamble from selection section 1 02, is 
selected by the conversion section 103 and output to 
the I FFT section 104 . Specifically, when a transmission 
path estimation preamble whose number of symbols is 
2 is selected by selection section 102, the 2-symbol 
transmission path estimation preamble and the informa- 
tion signal that has undergone modulation processing 
are output sequentially from the conversion section 1 03 
to the IFFT section 104. Conversely, when a transmis- 
sion path estimation preamble whose number of sym- 
bols is 1 is selected by selection section 1 02, the 1 -sym- 
bol transmission path estimation preamble and the in- 
formation signal that has undergone modulation 
processing are output sequentially from the conversion 
section 103 to the IFFT section 104. 
[0036] In the IFFT section 104, IFFT processing is 
performed on the transmission path estimation pream- 
ble and the information signal that has undergone mod- 
ulation processing from the conversion section 103. 
Specifically, the transmission path estimation preamble 
and the information signal that has undergone modula- 
tion processing are first converted from a single-se- 
quence signal to a plurality of sequences of signals. Fur- 
thermore, by performing IFFT processing on the signal 
of each sequence, an OFDM signal is generated in 
which the signal of each sequence is superimposed on 
a sequence-specific subcarrier. 
[0037] The OFDM signal generated by the IFFT sec- 
tion 1 04 has guard intervals inserted by the Gl insertion 
section 1 05. By this means a transmit signal is generat- 
ed. Specifically, when a transmission path estimation 
preamble whose number of symbols is 2 is selected by 
selection section 102, the kind of burst unit transmit sig- 
nal shown in FIG.5 is generated. That is to say, a burst 
unit transmit signal is generated that contains a guard 
interval, a 1 -symbol transmission path estimation pre- 
amble, a guard interval, a 1 -symbol transmission path 



estimation preamble, a guard interval, and an informa- 
tion signal (data) comprising a predetermined number 
of symbols. Each transmission path estimation pream- 
ble in the burst unit signal shown in FIG.5 has the same 

5 signal pattern. 

[0038] Conversely, when a transmission path estima- 
tion preamble whose number of symbols is 1 is selected 
by selection section 102, the kind of burst unit transmit 
signal shown in FIG.6 is generated. That is to say, a 

10 burst unit transmit signal is generated that contains a 
guard interval, a 1 -symbol transmission path estimation 
preamble, a guard interval, and an information signal 
(data) comprising a predetermined number of symbols. 
It goes without saying that the transmission path esti- 

15 mation preambles and information signal (data) in FIG. 
5 and FIG.6 have been subjected to IFFT processing. 
[0039] A burst unit transmit signal generated in this 
way undergoes predetermined transmission process- 
ing, and is then transmitted to the communicating party 

20 via antenna 106. 

[0040] Meanwhile, in the receiving- system, a signal 
transmitted by a communicating party is sent to the syn- 
chronization section 108 via antenna 107. The above- 
mentioned communicating party has the same kind of 

25 configuration as shown in FIG.3. Therefore, a signal 
transmitted by the above-mentioned communicating 
party undergoes the processing described with refer- 
ence to the transmitting system in FIG.3. Furthermore, 
information indicating the number of symbols of the 

30 transmission path estimation preamble selected by se- 
lection section 102 at the communicating party is trans- 
mitted to this OFDM communication apparatus at the 
start of communication via a predetermined channel 
such as a broadcast channel, and is stored in the receiv- 
es jng system memory 114 in this OFDM communication 
apparatus. 

[0041] A received signal from antenna 107 is output 
to the averaging section 110 and selection section 111 
via the synchronization section 1 08. In the synchroniza- 

40 tion section 108, the correlation between the received 
signal and an IFFT-processed transmission path esti- 
mation preamble is calculated by the correlator 301 , and 
the timing at which the calculated correlation value is at 
a maximum is detected by the maximum value detection 

45 section 302. The detected timing is output to the timing 
generation section 109. 

[0042] Using the timing detected by the maximum val- 
ue detection section 302, the timing generation section 
1 09 generates a timing signal that indicates the start tim- 

50 ing of FFT processing in the FFT section 112. The gen- 
erated timing signal is output to the FFT section 112. 
[0043] In the averaging section 110, averaging is per- 
formed on the received signal from the synchronization 
section 108 for a 2-symbol interval. The averaged re- 

55 ceived signal is output to selection section 111. In selec- 
tion section 111, based on information indicating the 
number of transmission path estimation preamble sym- 
bols stored in the memory 114, either the received signal 
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from the synchronization section 108 or the averaged 
received signal from the averaging section 1 1 0 is select- 
ed as the signal to be output to the FFT section 112. 
[0044] Specifically, in the period in which a transmis- 
sion path estimation preamble is received, when the 5 
number of transmission path estimation preamble sym- 
bols is 2, the averaged received signal from the averag- 
ing section 1 1 0 is selected as the signal to be output to 
the FFT section 1 1 2. The averaged received signal from 
the averaging section 110 at this time is equivalent to a 
signal in which a signal corresponding to a 1 -symbol 
transmission path estimation preamble and a signal cor- 
responding to another 1 -symbol transmission path esti- 
mation preamble are averaged. In this averaged re- 
ceived signal, thermal noise is reduced by averaging. 
Conversely, when the number of transmission path es- 
timation preamble symbols is 1 , the received signal from 
the synchronization section 1 08 is selected as the signal 
to be output to the FFT section 112. 
[0045] On the other hand, in the period in which an 
information signal (data) is received, the received signal 
from the synchronization section 1 08 (that is, the signal 
corresponding to an information signal in the received 
signal) is selected as the signal to be output to the FFT 
section 112, irrespective of the number of transmission 
path estimation preamble symbols. In this way the signal 
selected by selection section 111 is output to the FFT 
section 112. 

[0046] In the FFT section 112, FFT processing is per- 
formed on the received signal from selection section 1 1 1 
based on the timing signal generated by the timing gen- 
eration section 109. This is equivalent to performing 
transmission path compensation for the received signal 
based on a known signal for transmission path estima- 
tion (transmission path estimation preamble). By this 
means, the signal transmitted by each subcarrier is ex- 
tracted. The signals transmitted by each subcarrier are 
output to the demodulation section 113. 
[0047] In the demodulation section 1 1 3, a demodulat- 
ed signal is obtained by performing demodulation 
processing on the signals transmitted by each subcar- 
rier from the FFT section 112. Specifically, the signals 
transmitted by each subcarrier are converted from a plu- 
rality of sequences of signals to a single-sequence sig- 
nal. Then transmission path estimation is performed us- 
ing a signal corresponding to a transmission path esti- 
mation preamble in the single-sequence received sig- 
nal. Using the transmission path estimation result, a de- 
modulated signal is obtained by performing transmis- 
sion path compensation on the signal corresponding to 
an information signal in the single-sequence received 
signal. 

[0048] When a 2-symbol transmission path estima- 
tion preamble is inserted in a burst unit signal by the 
communicating party, as described above a signal is 
output from selection section 1 1 1 to the FFT section 1 1 2 
in which the signal corresponding to a transmission path 
estimation preamble in the received signal is averaged 



for a 2-symbol interval. By this means, thermal noise is 
reduced in the signal corresponding to a transmission 
path estimation preamble in the received signal, output 
from the FFT section 112 to the demodulation section 
113. Therefore, the effects of thermal noise are also re- 
duced in the demodulated signal obtained by the de- 
modulation section 113. In this embodiment, the signal 
corresponding to a transmission path estimation pream- 
ble in a received signal prior to FFT processing is aver- 
aged for a 2-symbol interval, but a similar effect is also 
obtained if the signal corresponding to a transmission 
path estimation preamble in a received signal after FFT 
processing is averaged for a 2-symbol interval. 
[0049] The demodulated signal obtained by the de- 
modulation section 113 is output to the detection section 
115. For the start of communication only, information in- 
dicating the number of transmission path estimation pre- 
amble symbols in the demodulated signal is output from 
the demodulation section 113 to the memory 114. This 
information is stored in the memory 114. 
[0050] In the detection section 1 1 5, the quality of the 
demodulated signal from the demodulation section 113 
is detected, and information indicating the detected 
quality (quality information) is generated. Eb/No, recep- 
tion level information (RSSI), or the like can be used as 
a quality indicator. The generated quality information is 
output to above-mentioned selection section 102 in the 
transmitting system. 

[0051] As stated above, in an OFDM communication 
apparatus according to this embodiment, it is necessary 
to notify a communicating party of the number of sym- 
bols of a transmission path estimation preamble select- 
ed based on channel quality via a broadcast channel, 
control channel, or the like. In order to notify a commu- 
nicating party of this number of transmission path esti- 
mation preamble symbols, an information amount of on- 
ly 1 bit is necessary for one user (one communicating 
party). However, when, for example, 1 6QAM is used as 
the modulation method and the number of subcarriers 
is 48, 192 bits of information can be transmitted by one 
symbol. Thus, the amount of information needed to no- 
tify a communicating party of the number of transmis- 
sion path estimation preamble symbols can be said to 
be sufficiently small to be ignored when compared with 
the amount of information required for communication 
as a whole. 

[0052] In this embodiment, a case where two kinds of 
transmission path estimation preamble, with a number 
of symbols of 1 and 2 respectively, are used as trans- 
mission path estimation preambles inserted in a burst 
unit signal has been described as an example, but the 
present invention can also be applied to a case where 
three or more kinds of transmission path estimation pre- 
amble, each with a different number of symbols, are 
used. In this case, the transmission path estimation pre- 
amble with the smallest number of symbols can be used 
when a factor other than thermal noise is the predomi- 
nant factor in deterioration of error rate characteristics, 
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and consequently an improvement in the demodulated 
signal error rate cannot be expected even If the number 
of transmission path estimation preambles is increased. 
Conversely, the transmission path estimation preamble 
with the largest number of symbols can be used on con- 
dition that the demodulated signal error rate does not 
meet a predetermined quality (for example, 0.01) when 
thermal noise is the predominant factor in deterioration 
of error rate characteristics. By this means, it is possible 
to achieve both an improvement in demodulated signal 
error rate characteristics and an improvement in infor- 
mation signal transmission efficiency. 
[0053] In this embodiment, a case has been de- 
scribed where the threshold value used when selecting 
a plurality of transmission path estimation preambles is 
set using channel quality at the critical point at which 
demodulated signal error rate characteristics are either 
improved or not improved by increasing the number of 
transmission path estimation preambles inserted in a 
burst unit signal. The present invention is not limited to 
this, and can also be applied to cases where the thresh- 
old value used when selecting a plurality of transmission 
path estimation preambles is set by means of a variety 
of methods . For example, it is also possible to for the 
channel quality necessary to obtain a predetermined er- 
ror rate (for example, 0.01 ) for a demodulated signal (in 
FIG.2, Eb/No = 22 dB) to be used as the above-men- 
tioned threshold value. In this case, a transmission path 
estimation preamble with a smaller number of symbols 
can be used when the demodulated signal quality is 
greater than or equal to the threshold value, and, con- 
versely, a transmission path estimation preamble with a 
larger number of symbols can be used when the demod- 
ulated signal quality is lower than the threshold value. 
[0054] The effect of improving transmission efficiency 
in this embodiment will now be briefly described. When, 
for example, the packet length is 54 bytes and 
16QAM-R=3/4, the number of OFDM symbols neces- 
sary for information signal (data) transmission is 3, and 
therefore the number of OFDM symbols necessary for 
transmission of one packet of information is 4. In this 
embodiment, as stated above, when channel quality is 
of a certain level, the number of transmission path esti- 
mation preamble symbols inserted in a burst unit signal 
is changed from 2 to 1 . If the number of users is 1 00, 
and 50 of the total number of users use a transmission 
path estimation preamble whose number of symbols is 
1 as channel quality becomes good, the transmissible 
amount of information increases by 9600 bits (192 x 
50). That is to say, the transmissible amount of informa- 
tion increases by 1 6.5%. If all 1 00 users use a transmis- 
sion path estimation preamble whose number of sym- 
bols is 1 , the transmissible amount of information will 
increase by 33%. 

[0055] Thus, in this embodiment, the number of trans- 
mission path estimation preambles inserted in a burst 
unit signal is varied adaptively in accordance with chan- 
nel quality. Specifically, when channel quality is of a cer- 



tain level (that is, when a factor other than thermal noise 
is the predominant factor in deterioration of error rate 
characteristics, and consequently an improvement in 
the demodulated signal error rate cannot be expected 
5 even if the number of transmission path estimation pre- 
ambles is increased) , the number of transmission path 
estimation preambles inserted in a burst unit signal is 
made smaller. Conversely, when channel quality is not 
good (that is, when thermal noise is the predominant 
factor in deterioration of error rate characteristics), the 
number of transmission path estimation preambles in- 
serted in a burst unit signal is increased. By this means, 
it is possible to achieve both an improvement in demod- 
ulated signal error rate characteristics and an improve- 
ment in information signal transmission efficiency. 
[0056] In this embodiment, a case has been de- 
scribed where the quality of a demodulated signal ob- 
tained in the OFDM communication apparatus of the 
station in question (the station's own OFDM communi- 
cation apparatus)-that is, the reception quality of a sig- 
nal transmitted by a communicating party-is used as a 
channel quality indicator, but it goes without saying that 
it is also possible, with the present invention, for the 
quality of a demodulated signal obtained from reception 
quality at a communicating party-that is, the reception 
quality at a communicating party of a signal transmitted 
by the apparatus in question-to be used as a channel 
quality indicator (this applies not only to this embodi- 
ment, but also to the embodiments described hereinaf- 
ter). In this case also, it is similarly possible to achieve 
both an improvement in demodulated signal error rate 
characteristics and an improvement in information sig- 
nal transmission efficiency. 



[0057] In this embodiment, acase is described where, 
as an addition to Embodiment 1 , not only reception level 
information but also multipath delay time (delay vari- 

40 ance) is used as a channel quality indicator. 

[0058] There is a possibility that demodulated signal 
error rate characteristics will vary not only in accordance 
with reception level information but also in accordance 
with the multipath delay time (that is, the difference in 

45 arrival times of the principal wave and a desired wave). 
Thus, it may not be optimal for the number of transmis- 
sion path estimation preambles to be inserted in a burst 
unit signal to be determined by means of reception level 
information alone. That is to say, in general, there is 

so greater deterioration of demodulated signal error rate 
characteristics when the multipath delay time is long, 
and conversely, there is less deterioration of demodu- 
lated signal error rate characteristics when the multipath 
delay time is short. 

55 [0059] Thus, in this embodiment, when the multipath 
delay time is long, a larger threshold value than in Em- 
bodiment 1 is used as the threshold value used when 
switching between a transmission path estimation pre- 
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amble whose number of symbols is 1 and a transmission 
path estimation preamble whose number of symbols is 
2 . That is to say, taking FIG.2 as an example, whereas 
the threshold value used in Embodiment 1 is Eb/No = 
30 dB, the threshold value used in this embodiment is 
Eb/No . 30 dB (for example, 32 dB). When the multipath 
delay time isshort, asmaller threshold valuethan in Em- 
bodiment 1 may be used when switching between a 
transmission path estimation preamble whose number 
of symbols is 1 and a transmission path estimation pre- 
amble whose number of symbols is 2. 
[0060] FIG.7 is a block diagram showing the configu- 
ration of an OFDM communication apparatus according 
to Embodiment 2 of the present invention. Parts in FIG. 
7 identical to those in Embodiment 1 (FIG.3) are as- 
signed the same codes as in FIG.3 and their detailed 
explanations are omitted. 

[0061] As shown in FIG.7, an OFDM communication 
apparatus according to this embodiment has a configu- 
ration comprising, in addition to the configuration of an 
OFDM communication apparatus according to Embod- 
iment 1 , a delay variance detection section 601 that de- 
tects delay variance (multipath delay time) using signals 
transmitted by each subcarrier, a size comparison sec- 
tion 602 that compares a detected delay variance with 
a threshold value REF, and a computation section 603 
that performs computation based on a comparison re- 
sult on quality information obtained from a detection 
section 115, and outputs post-computation quality infor- 
mation to a selection section 102. 
[0062] Next, the operation of an OFDM communica- 
tion apparatus that has the above configuration will be 
described with additional reference to FIG. 8 through 
FIG.10, considering only points of difference from Em- 
bodiment 1 . FIG.8 is a schematic diagram illustrating 
reception levels of signals transmitted by each subcar- 
rier in an OFDM communication apparatus according to 
Embodiment 2 of the present invention (first example), 
FIG.9 is a schematic diagram illustrating reception lev- 
els of signals transmitted by each subcarrier in an 
OFDM communication apparatus according to Embod- 
iment 2 of the present invention (second example), and 
FIG.10 is a block diagram showing the configuration of 
the delay variance detection section 601 in an OFDM 
communication apparatus according to Embodiment 2 
of the present invention. 

[0063] In the delay variance detection section 601, 
delay variance is detected using signals transmitted by 
each subcarrier from an FFT section 112. Specifically, 
delay variance-that is, multipath delay time-is detected 
using the difference in reception level between signals 
transmitted by each subcarrier. That is to say, when the 
multipath delay time is short, the difference in reception 
level between signals transmitted by adjacent subcarri- 
ers is small, as shown in FIG.8, and conversely, when 
the multipath delay time is long, the difference in recep- 
tion level between signals transmitted by adjacent sub- 
carriers is large, as shown in FIG.9. 



[0064] First, therefore, as shown in FIG.10, the abso- 
lute values of signals transmitted by each subcarrier are 
output sequentially to a subtraction section 902, and are 
also output to the subtraction section 902 after being 
5 delayed by a predetermined time by a delay section 901 . 
[0065] In the subtraction section 902, the difference 
in reception level between signals (absolute values) 
transmitted by adjacent subcarriers is calculated. Cal- 
culated reception level differences are processed by an 
absolute value calculation section 903 to find their ab- 
solute values, and then averaged by an averaging sec- 
tion 904. By this means the delay variance is detected. 
Information indicating the detected delay variance is 
output to the size comparison section 602. In the size 
comparison section 602, the delay variance detected by 
the delay variance detection section 601 is compared 
with a threshold value. The result of the comparison is 
output to the computation section 603. 
[0066] In the computation section 603, computation is 
performed on quality information from the detection sec- 
tion 115 based on the result of the comparison by the 
size comparison section 602. Specifically, when the de- 
lay variance is greater than or equal to the threshold val- 
ue (that is, when the multipath delay time is long), a pre- 
determined value is subtracted from the quality informa- 
tion. Performing subtraction on the quality information 
in this way is effectively equivalent to increasing the 
threshold value in selection section 102 (that is, using a 
larger threshold value than in Embodiment 1 as the 
threshold value used when switching between a trans- 
mission path estimation preamble whose number of 
symbols is 1 and a transmission path estimation pream- 
ble whose number of symbols is 2). Conversely, when 
the delay variance is less than the threshold value (that 
is, when the multipath delay time is short), no computa- 
tion is performed on the quality information. Quality in- 
formation that has been subjected to computation by the 
computation section 603 is output to selection section 
1 02 in the transmitting system. 
[0067] Thus, according to this embodiment, by using 
not only reception level information but also multipath 
delay time (delay variance) as a channel quality indica- 
tor, it is possible to achieve both an improvement in de- 
modulated signal error rate characteristics and an im- 
provement in information signal transmission efficiency 
irrespective of multipath delay time. 

(Embodiment 3) 

[0068] In this embodiment, a case is described where 
error in the multipath delay time calculated in Embodi- 
ment 2 is reduced. 

[0069] In general, in a receiving system, error may oc- 
cur in a reception level due to error in automatic gain 
control in the radio section, or the like. In this case, error 
occurs in the delay variance detected by the delay var- 
iance detection section 601 shown in FIG.7. Thus, in this 
embodiment, the calculated delay variance is divided by 
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the average of the reception levels of the signals trans- 
mitted by each subcarrier. 

[0070] The configuration of an OFDM communication 
apparatus according to this embodiment is the same as 
that in Embodiment 2 except for the delay variance de- 
tection section 601 . Therefore, only the internal config- 
uration of the delay variance detection section 601 will 
be described, with reference to FIG.11. FIG. 11 is a block 
diagram showing the internal configuration of the delay 
variance detection section 601 in an OFDM communi- 
cation apparatus according to Embodiment 3 of the 
present invention. Parts in FIG.11 identical to those in 
Embodiment 2 (FIG. 10) are assigned the same codes 
as in FIG.1 0 and their detailed explanations are omitted. 
[0071] In FIG.11, absolute values are found (that is, 
reception levels are calculated) for signals transmitted 
by each subcarrier in an absolute value calculation sec- 
tion 1001 , and these are then averaged by an averaging 
section 1002. By this means, the average value of re- 
ception levels of signals transmitted by each subcarrier 
is calculated. In a division section 1003, the delay vari- 
ance calculated by averaging section 904 is divided by 
the reception level average value from averaging sec- 
tion 1 002. The new delay variance obtained in this way 
is output to the size comparison section 602 in FIG. 7. 
[0072] Thus, in this embodiment, the calculated delay 
variance is divided by the received signal level (the av- 
erage value of reception levels of signals transmitted by 
each subcarrier), and the value obtained by this division 
is used as a new delay variance. By this means, it is 
possible to calculate a highly accurate multipath delay 
time even when error occurs in reception levels. It is 
therefore possible to achieve both an improvement in 
demodulated signal error rate characteristics and an im- 
provement in information signal transmission efficiency 
irrespective of error in reception levels. 

(Embodiment 4) 

[0073] In this embodiment, a case is described where, 
in Embodiments 1 through 3, the number of transmis- 
sion path estimation preamble symbols to be inserted 
in a burst unit signal is selected in accordance with the 
total number of communicating parties (users) actually 
performing communication. 

[0074] In an actual environment, not all users are nec- 
essarily performing communication (or communication 
is not necessarily being performed with all users), and 
therefore there are time slots in which communication 
is not performed in a unit frame. A "unit frame" here con- 
tains only the predetermined number of burst unit sig- 
nals shown in FIG.5 or FIG.6. To be specific, when, for 
example, there are many communicating parties per- 
forming communication, a unit frame contains a larger 
number of burst unit signals and fewer time slots that 
are not used for communication. Conversely, when 
there are few communicating parties performing com- 
munication, a unit frame contains a smaller number of 



burst unit signals and more time slots that are not used 
for communication. 

[0075] Therefore, when there are few communicating 
parties actually performing communication, overall 
5 transmission efficiency will fall if a transmission path es- 
timation preamble with a large number of symbols is in- 
serted in a burst unit signal for predetermined commu- 
nicating parties. On the other hand, when there are 
many communicating parties actually performing com- 
munication, overall transmission efficiency will scarcely 
fall even if a transmission path estimation preamble with 
a large number of symbols is inserted in a burst unit sig- 
nal for predetermined communicating parties. 
[0076] Thus, in this embodiment, the number of trans- 
mission path estimation preamble symbols to be insert- 
ed in a burst unit signal is selected in accordance with 
the total number of communicating parties (users) actu- 
ally performing communication. That is to say, when the 
total number of communicating parties actually perform- 
ing communication is large, a smaller threshold value 
than in Embodiment 1 is used as the threshold value 
used when switching between a transmission path esti- 
mation preamble whose number of symbols is 1 and a 
transmission path estimation preamble whose number 
of symbols is 2. And when the total number of commu- 
nicating parties actually performing communication is 
small, a larger threshold value than in Embodiment 1 
may be used as the threshold value used when switch- 
ing between a transmission path estimation preamble 
whose number of symbols is 1 and a transmission path 
estimation preamble whose number of symbols is 2. 
[0077] Although this kind of selection can also be ap- 
plied to any of Embodiments 1 through 3, in this embod- 
iment the case where this kind of selection is applied to 
Embodiment 1 will be taken as an example, and will be 
described with reference to FIG. 12. FIG. 12 is a block 
diagram showing the configuration of an OFDM commu- 
nication apparatus according to Embodiment 4 of the 
present invention. Parts in FIG. 12 identical to those in 
Embodiment 1 (FIG.3) are assigned the same codes as 
in FIG.3 and their detailed explanations are omitted. 
[0078] An OFDM communication apparatus accord- 
ing to this embodiment has a configuration comprising, 
in addition to the configuration of an OFDM communi- 
cation apparatus according to Embodiment 1 , a recep- 
tion level calculation section 1101 that calculates the re- 
ception level of a received signal from an antenna 107, 
an averaging section 1102 that performs averaging of 
calculated reception levels and calculates the reception 
level for a unit frame, a size comparison section 1103 
that compares a calculated unit frame reception level 
with a threshold value, and a computation section 1104 
that performs computation based on a comparison re- 
sult on quality information from a detection section 115, 
and outputs the quality information subjected to compu- 
tation to a selection section 1 02. 
[0079] Next, the operation of an OFDM communica- 
tion apparatus that has the above configuration will be 
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described, considering only points of difference from 
Embodiment 1 . In the reception level calculation section 
1101 , the reception level of a received signal from an- 
tenna 107 is calculated for each frame. Calculated re- 
ceived signal reception levels for each frame are aver- s 
aged by the averaging section 1102, and the reception 
level is calculated for a unit frame. The reception level 
for a unit frame is output to the size comparison section 
1103. In the size comparison section 1103, the unit 
frame reception level is compared with a threshold val- 
ue. The result of the comparison is output to the com- 
putation section 1104. 

[0080] In the computation section 1 1 04, computation 
is performed on quality information from the detection 
section 115 based on the result of the comparison by 
the size comparison section 11 03. Specifically, when the 
unit frame reception level is greater than or equal to the 
threshold value (that is, when the total number of com- 
municating parties actually performing communication 
is large), a predetermined value is added to the quality 
information. Performing addition to the quality informa- 
tion in this way is effectively equivalent to decreasing 
the threshold value in selection section 102 (that is, us- 
ing a smaller threshold value than in Embodiment 1 as 
the threshold value used when switching between a 
transmission path estimation preamble whose number 
of symbols is 1 and a transmission path estimation pre- 
amble whose number of symbols is 2). Conversely, 
when the unit frame reception level is less than the 
threshold value (that is, when the total number of com- 
municating parties actually performing communication 
is small), no computation is performed on the quality in- 
formation. Quality information that has been subjected 
to computation by the computation section 1104 is out- 
put to selection section 102 in the transmitting system. 
[0081] Thus, according to this embodiment, the 
number of transmission path estimation preamble sym- 
bols to be inserted in a burst unit signal is selected in 
accordance with the total number of communicating par- 
ties (users) actually performing communication. In this 
way, by increasing the number of transmission path es- 
timation preamble symbols inserted in a burst unit signal 
for predetermined communicating parties when the total 
number of communicating parties actually performing 
communication is small, it is possible to reduce time 
slots not used for communication in each frame, and al- 
so to improve demodulated signal error rate character- 
istics at the above-mentioned predetermined communi- 
cating parties. Conversely, by decreasing the number of 
transmission path estimation preamble symbols insert- 
ed in a burst unit signal for predetermined communicat- 
ing parties when the total number of communicating par- 
ties actually performing communication is large, it is 
possible to increase the total number of burst unit sig- 
nals contained in each frame, and so improve transmis- 
sion efficiency. Therefore, according to this embodi- 
ment, it is possible to achieve both an improvement in 
demodulated signal error rate characteristics and an im- 



provement in information signal transmission efficiency. 
(Embodiment 5) 

[0082] In this embodiment, a case is described where 
the number of transmission path estimation preamble 
symbols inserted in a burst unit signal is varied in ac- 
cordance with the communication channel. 
[0083] In OFDM communication, there are specific 
channels for which communication quality better than 
that of an ordinary channel is required. Such a specific 
channel may be, for example, a control channel (a chan- 
nel used to send information indicating a burst to be re- 
ceived, information indicating the modulation method 
applied to an information signal, or the like), or a retrans- 
mission channel (a channel used to send information for 
requesting retransmission). 

[0084] The number of such specific channels is small 
compared with the total number of channels. Therefore, 
overall transmission efficiency scarcely falls even if the 
number of transmission path estimation preamble sym- 
bols inserted in a burst unit signal in a specific channel 
is increased (in this embodiment, to two symbols) on a 
fixed basis. By this means, it is possible to improve the 
demodulated signal error rate in a specific channel for 
which better communication quality is required with al- 
most no effect on overall transmission efficiency. 
[0085] Increasing the number of transmission path 
estimation preamble symbols inserted in a burst unit sig- 
nal for such a specific channel on a fixed basis will be 
described with reference to FIG. 13, taking the case 
where this procedure is applied to Embodiment 4 as an 
example (it goes without saying that this procedure can 
be applied to any of Embodiments 1 through 3). FIG. 13 
is a block diagram showing the configuration of an 
OFDM communication apparatus according to Embod- 
iments of the present invention. Parts in FIG. 13 identi- 
cal to those in Embodiment 4 (FIG. 1 2) are assigned the 
same codes as in FIG. 1 2 and their detailed explanations 
are omitted. 

[0086] An OFDM communication apparatus accord- 
ing to this embodiment has a configuration wherein 
computation section 1104 in an OFDM communication 
apparatus according to Embodiment 4 is replaced by a 
computation section 1 201 that performs computation on 
a demodulated signal from a detection section 115 
based on a comparison result from a size comparison 
section 11 03 and information indicating the communica- 
tion channel. 

[0087] Next, the operation of an OFDM communica- 
tion apparatus that has the above configuration will be 
described, considering only points of difference from 
Embodiment 4. In the computation section 1201 , com- 
putation is performed on quality information from the de- 
tection section 115 based on the result of a comparison 
by the size comparison section 1 1 03 and information in- 
dicating the communication channel. Specifically, as in 
Embodiment 4, when the unit frame reception level is 
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greater than or equal to a threshold value (that is, when 
the total number of communicating parties actually per- 
forming communication is large), a predetermined value 
Is added to the quality information. 
[0088] Moreover, only when it is recognized from in- 
formation indicating the communication channel thatthe 
communication channel is a specific channel, a fairly 
large predetermined value is subtracted from the quality 
information. Subtracting a fairly large value from the 
quality information in this way is effectively equivalent 
to making a fairly large increase in the threshold value 
in a selection section 1 02. By this means the number of 
transmission path estimation preamble symbols insert- 
ed in a burst unit signal can be made two symbols on a 
fixed basis. Quality information that has been subjected 
to computation by the computation section 1201 in this 
way is output to selection section 1 02 in the transmitting 
system. 

[0089] With an MAC (Media Access Control) section, 
for example, the timing at which a signal transmitted via 
a specific channel is received by this OFDM communi- 
cation apparatus is known. Thus, it is possible to use 
information generated by an MAC section as informa- 
tion indicating the communication channel that is input 
to the computation section 1201 . 
[0090] Thus, according to this embodiment, the 
number of transmission path estimation preamble sym- 
bols inserted in a burst unit signal for a communicating 
party is varied in accordance with the communication 
channel used to transmit that burst unit signal. That is 
to say, when, for example, a communication channel is 
a specific channel, the number of transmission path es- 
timation preamble symbols inserted in a burst unit signal 
is increased on a fixed basis, and therefore it is possible 
to improve demodulated signal error rate characteristics 
in a specific channel for which better communication 
quality is required. Conversely, when a communication 
channel is an ordinary channel, the number of transmis- 
sion path estimation preamble symbols inserted in a 
burst unit signal is varied as described in Embodiment 
1 through Embodiment 4. By this means, it is possible 
to improve the demodulated signal error rate in a spe- 
cific channel for which better communication quality is 
required with almost no effect on overall transmission 
efficiency. 

[0091] In the above-described embodiment a control 
channel arid a retransmission channel have been quot- 
ed as examples of a specific channel for which a large 
number of preambles are used, but a specific channel 
of the present invention is not limited to these, and may 
include a broadcast channel or the like, for example, the 
key point being the broad inclusion of channels for which 
communication quality better than that of an ordinary 
channel (such as a user channel, for example) is re- 
quired, as described above. 



(Embodiment 6) 

[0092] In this embodiment, a case is described where 
the number of transmission path estimation preamble 
5 symbols selected by a communicating party is not rec- 
ognized by means of notification from that communicat- 
ing party, but is estimated by means of a correlation val- 
ue calculated using a signal transmitted by that commu- 
nicating party. 

[0093] In Embodiment 1 through Embodiment 5, the 
number of transmission path estimation preamble sym- 
bols selected by a communicating party is recognized 
by means of information indicating the number of trans- 
mission path estimationpreamble symbols from that 
communicating party. In the above embodiments, two 
kinds of transmission path estimation preamble (that is, 
transmission path estimation preambles whose number 
of symbols is 1 and 2 respectively) are used, and there- 
fore the amount of information that needs to be provided 
for transmission of the above-mentioned information is 
only 1 bit for one communicating party. Thus, consider- 
ing the improvement in transmission efficiency achieved 
by the present invention, this amount of information is 
very small. 

[0094] However, in order to achieve a further improve- 
ment in transmission efficiency, it is necessary to be able 
to recognize the number of transmission path estimation 
preamble symbols selected by a communicating party 
without using this kind of information. If this kind of in- 
formation can be rendered unnecessary, with a total of 
200 communicating parties, for example, the amount of 
information can be reduced by 200 bits. 
[0095] Thus, in this embodiment, the number of trans- 
mission path estimation preamble symbols selected by 
a communicating party is estimated by means of a cor- 
relation value calculated using a burst unit signal trans- 
mitted by that communicating party and an IFFT-proc- 
essed transmission path estimation preamble. 
[0096] FIG.1 4 is a block diagram showing the config- 
uration of an OFDM communication apparatus accord- 
ing to Embodiment 6 of the present invention. Parts in 
FIG.1 4 identical to those in Embodiment 1 (FIG.3) are 
assigned the same codes as in FIG.3 and their detailed 
explanations are omitted. 

[0097] An OFDM communication apparatus accord- 
ing to this embodiment has a configuration wherein, in 
an OFDM communication apparatus according to Em- 
bodiment 1 , the memory 114 is eliminated, a synchroni- 
zation section 1301 is used instead of synchronization 
section 1 08, a selection section 1303 is used instead of 
selection section 111, and a correlation peak number de- 
tection section 1302 is additionally provided. 
[0098] The synchronization section 1301 has the 
same kind of configuration as synchronization section 
1 08 in Embodiment 1 , except that it outputs a calculated 
correlation value to the correlation peak number detec- 
tion section 1302. The correlation peak number detec- 
tion section 1 302 detects the number of peaks in corre- 
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lation values calculated by the synchronization section 
1301 , and outputs the detection result to selection. sec- 
tion 1303. Selection section 1303 has the same kind of 
configuration as selection section 111 in Embodiment 1 , 
except that it outputs either a received signal from the 
synchronization section 1301 or an averaged received 
signal from the averaging section 110 based on the re- 
sult of detection by the correlation peak number detec- 
tion section 1302. 

[0099] Next, the operation of an OFDM communica- 
tion apparatus that has the above configuration will be 
described with additional reference to FIG. 15 through 
FIG.17. FIG. 15 is a schematic diagram illustrating cor- 
relation values calculated by the synchronization sec- 
tion 1301 of an OFDM communication apparatus ac- 
cording to Embodiment 6 of the present invention (first 
example), FIG. 16 is a schematic diagram illustrating 
correlation values calculated by the synchronization 
section 1301 of an OFDM communication apparatus ac- 
cording to Embodiment 6 of the present invention (sec- 
ond example), and FIG.17 is a block diagram showing 
the configuration of the correlation peak number detec- 
tion section 1302 in an OFDM communication appara- 
tus according to Embodiment 6 of the present invention. 
[0100] In the transmitting system in this embodiment, 
unlike Embodiment 1 , information indicating the number 
of transmission path estimation preamble symbols se- 
lected by selection section 1 02 is not sent to a commu- 
nicating party either at the start of communication or at 
predetermined time intervals. 
[0101] Meanwhile, in the receiving system, the 
number of transmission path estimation preamble sym- 
bols selected by a communicating party can be calcu- 
lated using a received signal relating to that communi- 
cating party and an IFFT-processed transmission path 
estimation preamble. Specifically, when the number of 
transmission path estimation preamble symbols select- 
ed by a communicating party is 2 (1), a signal corre- 
sponding to a transmission path estimation preamble 
equivalent to two symbols (one symbol) is contained in 
the received signal, and therefore two peaks are (one 
peak is) generated in the calculated correlation values. 
[0102] Thus, in the correlation peak number detection 
section 1302, a correlation value calculated by the syn- 
chronization section 1301 is compared with a threshold 
value by a size comparison section 1 601 , as shown in 
FIG.17. The result of the comparison is output to a coun- 
ter 1602. In the counter 1602, the number of times the 
correlation value is greaterthan or equal to the threshold 
value is counted, based on the comparison results. The 
result of the count is output to a determination section 
1603. In the determination section 1603, the result of 
the count is determined, and the number of peaks in the 
correlation values is detected. The detection result is 
output to selection section 1303. The number of trans- 
mission path estimation preamble symbols is detected 
by selection section 1 303 in accordance with this detec- 
tion result. That is to say, when the number of peaks in 



the correlation values is 1 , the number of transmission 
path estimation preamble symbols is recognized as be- 
ing 1 , and when the number of peaks in the correlation 
values is 2, the number of transmission path estimation 
5 preamble symbols is recognized as being 2. Subse- 
quent operation by selection section 1303 is the same 
as in Embodiment 1 , and a detailed description is omit- 
ted here. 

[0103] Thus, in this embodiment, the number of trans- 
mission path estimation preamble symbols selected by 
a communicating party is not recognized by means of 
notification from that communicating party, but is esti- 
mated by means of a correlation value calculated using 
a signal transmitted by that communicating party. By this 
means, transmission of information indicating the 
number of transmission path estimation preamble sym- 
bols is rendered unnecessary, thereby making it possi- 
ble to further prevent a fall in transmission efficiency. 



[01 04] In this embodiment, a case is described where 
erroneous estimation of the number of transmission 
path estimation preamble symbols is prevented. 
[0105] In Embodiment 6, the number of transmission 
path estimation preamble symbols selected by a com- 
municating party is estimated by means of a correlation 
value calculated using a signal transmitted by that com- 
municating party. However, when channel quality is 
poor, it may not be possible to estimate the number of 
transmission path estimation preamble symbols accu- 
rately due to the occurrence of error in the calculated 
correlation value. As a result, there is a risk of deterio- 
ration of demodulated signal error rate characteristics. 
[0106] Thus, in this embodiment, when channel qual- 
ity is poor the number of transmission path estimation 
preamble symbols inserted in a burst unit signal is in- 
creased (here, to two symbols) on a fixed basis. By this 
means, it is possible to prevent erroneous estimation of 
the number of transmission path estimation preamble 
symbols. Inserting a transmission path estimation pre- 
amble with a large number of symbols in a signal for a 
communicating party for which communication quality 
is poor in this way will be described below taking a case 
where this procedure is applied to Embodiment 1 as an 
example (it goes without saying that this procedure can 
also be applied to Embodiment 2 through Embodiment 
6). 

[0107] FiG.18 is a block diagram showing the config- 
uration of an OFDM communication apparatus accord- 
ing to Embodiment 7 of the present invention. Parts in 
FIG.18 identical to those in Embodiment 1 (FIG.3) are 
assigned the same codes as in FIG.3 and their detailed 
explanations are omitted. 

[0108] An OFDM communication apparatus accord- 
ing to this embodiment has a configuration wherein an 
OFDM communication apparatus according to Embod- 
iment 1 is provided with a size comparison section 1 701 
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that compares quality information from a detection sec- 
tion 115 with a threshold value and outputs the result of 
the comparison to a selection section 1702, which out- 
puts either a transmission path estimation preamble 
from selection section 102 or a transmission path esti- 
mation preamble whose number of symbols is 2 to the 
conversion section 103 based on the result of a com- 
parison by the size comparison section 1 701 . 
[0109] Next, the operation of an OFDM communica- 
tion apparatus that has the above configuration will be 
described, considering only points of difference from 
Embodiment 1 . Quality information generated by the de- 
tection section 1 1 5 is output to the size comparison sec- 
tion 1701 and selection section 102. The same kind of 
operation is performed as in Embodiment 1 , and a trans- 
mission path estimation preamble is output from selec- 
tion section 102 to selection section 1702. 
[01 10] In the size comparison section 1 701 , quality in- 
formation is compared with a threshold value. The result 
of this comparison is output to selection section 1 702. 
In selection section 1702, either the transmission path 
estimation preamble from selection section 102 or a 
transmission path estimation preamble whose number 
of symbols is 2 is selected as the transmission path es- 
timation preamble to be output to the conversion section 
103. Specifically, a transmission path estimation pream- 
ble whose number of symbols is 2 is selected only when 
channel quality is identified as being poor according to 
the result of the comparison by the size comparison sec- 
tion 1701. In other cases (that is, when channel quality 
is identified as being good), the transmission path esti- 
mation preamble from selection section 102 is selected 
as the transmission path estimation preamble to be out- 
put to the conversion section 103. The transmission 
path estimation preamble selected by selection section 
1702 is output to the conversion section 103. 
[0111] In this embodiment, in the same way as in Em- 
bodiment 1 , information indicating the number of trans- 
mission path estimation preamble symbols selected by 
selection section 1702 is transmitted to a communicat- 
ing party via a specific channel at the start of communi- 
cation and at predetermined time intervals. Information 
indicating the transmission path estimation preamble 
transmitted in this way is stored in the memory 114 of 
the transmitting system at the communicating party. 
[0112] Thus, in this embodiment, the number of trans- 
mission path estimation preamble symbols inserted in 
a burst unit signal is increased on a fixed basis for a 
communicating party for which communication quality 
is poor By this means, the number of transmission path 
estimation preambles contained in a received signal can 
be recognized reliably by the communicating party, en- 
abling deterioration of demodulated signal error rate 
characteristics to be prevented. As increasing the 
number of transmission path estimation preamble sym- 
bols on a fixed basis is limited to a burst unit signal for 
a communicating party for which communication quality 
is poor, the fall in overall transmission efficiency is very 



small. 

(Embodiment 8) 

5 [0113] In this embodiment, a case is described where 
the number of transmission path estimation preamble 
symbols selected by a communicating party is not rec- 
ognized by means of notification from that communicat- 
ing party, but is estimated using a signal transmitted by 
that communicating party, while the circuit scale is re- 
duced. 

[0114] In Embodiment 6, the number of transmission 
path estimation preamble symbols selected by a com- 
municating party is estimated by means of a correlation 
value calculated using a signal transmitted by that com- 
municating party. However, when the number of FFT 
samples is 64, for example, 64 complex correlators are 
necessary in order to configure a correlator that calcu- 
lates correlation values. Consequently, the circuit scale 
of an OFDM communication apparatus provided with 
this kind of correlator is very large. 
[0115] Thus, in this embodiment, when the reception 
level of a received signal for a communicating party is 
greater than or equal to athreshold value, it is estimated 
that a transmission path estimation preamble with a 
smaller number of symbols has been inserted in a re- 
ceived signal for that communicating party. This estima- 
tion is made in consideration of the fact that the com- 
municating party has selected a transmission path esti- 
mation preamble with a smaller number of symbols due 
to the fact that channel quality is good for the commu- 
nicating party. 

[0116] Conversely, when the reception level of a re- 
ceived signal for a communicating party is less than a 
threshold value, it is estimated that a transmission path 
estimation preamble with a larger number of symbols 
has been inserted in a received signal for that commu- 
nicating party. This estimation is made in consideration 
of the fact that the communicating party has selected a 
transmission path estimation preamble with a larger 
number of symbols due to the fact that channel quality 
is poor for the communicating party. 
[0117] FIG. 19 is a block diagram showing the config- 
uration of an OFDM communication apparatus accord- 
ing to Embodiment 8 of the present invention. Parts in 
FIG. 19 identical to those in Embodiment 1 (FIG.3) are 
assigned the same codes as in FIG.3 and their detailed 
explanations are omitted. 

[0118] An OFDM communication apparatus accord- 
ing to this embodiment has a configuration wherein, in 
an OFDM communication apparatus according to Em- 
bodiment 1, the memory 114 is eliminated, a selection 
section 1803 is used instead of selection section 111, 
and a level calculation section 1801 and size compari- 
son section 1802 are additionally provided. 
[0119] Selection section 1803 has the same kind of 
configuration as selection section 111 in Embodiment 1, 
except that it outputs either a received signal from a syn- 
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chronization section 108 or an averaged received signal 
from an averaging section 110 based on the result of a 
comparison by the size comparison section 1802. The 
level calculation section 1801 calculates the reception 
level of a received signal from the synchronization sec- 
tion 108, and outputs the calculated reception level to 
the size comparison section 1 802. The size comparison 
section 1802 compares the calculated reception level 
with a threshold value, and outputs the result of the com- 
parison to selection section 1803. 
[0120] Next, the operation of an OFDM communica- 
tion apparatus that has the above configuration will be 
described, considering only points of difference from 
Embodiment 1 . In the transmitting system in this embod- 
iment, unlike Embodiment 1, information indicating the 
number of transmission path estimation preamble sym- 
bols selected by selection section 1 02 is not sent to a 
communicating party either at the start of communica- 
tion or at predetermined time intervals. 
[0121] Meanwhile, in the receiving system, the recep- 
tion level of a received signal from the synchronization 
section 1 08 is calculated by the level calculation section 
1801 . The calculated reception level is stored in this lev- 
el calculation section 1801 and is also output to the size 
comparison section 1 802. This level calculation section 
1 801 can comprise a single memory that stores the cal- 
culated reception level (l 2 +Q 2 ). Alternatively, this level 
calculation section 1801 can comprise two multipliers 
(that is, a multiplier that multiplies the received signal I 
component by itself, and a multiplier that multiplies the 
received signal Q component by itself ) and one adder 
(that is, an adder that adds togetherthe results from the 
two multipliers). 

[0122] In the size comparison section 1 802, the cal- 
culated reception level is compared with a threshold val- 
ue. The result of the comparison is output to selection 
section 1803. in selection section 1803, the number of 
transmission path estimation preamble symbols is de- 
tected based on the result of the comparison by the size 
comparison section 1802. Specifically, when the re- 
ceived signal reception level is higher than or equal to 
the threshold value, it is detected that a transmission 
path estimation preamble with a smaller number of sym- 
bols (here, one) has been inserted in the received sig- 
nal. Conversely, when the received signal reception lev- 
el is lower the threshold value, it is detected thatatrans- 
mission path estimation preamble with a larger number 
of symbols (here, two) has been inserted in the received 
signal. Subsequent operation by selection section 1803 
is the same as in Embodiment 1 , and a detailed descrip- 
tion is omitted here. 

[0123] Thus, in this embodiment, the number of trans- 
mission path estimation preamble symbols selected by 
a communicating party is not recognized by means of 
notification from that communicating party, but is esti- 
mated by means of the reception level of a signal trans- 
mitted by that communicating party. By this means, 
transmission of information indicating the number of 



transmission path estimation preamble symbols is ren- 
dered unnecessary, thereby making it possible to further 
prevent a fall in transmission efficiency. Moreover, esti- 
mating the number of transmission path estimation pre- 
5 ambles selected by the above-mentioned communicat- 
ing party without using a correlator enables the circuit 
scale to be reduced compared with Embodiment 6. 

(Embodiment 9) 

10 

[0124] In this embodiment, a case is described where 
the number of transmission path estimation preamble 
symbols selected by a communicating party is not rec- 
ognized by means of notification from that communicat- 
es ing party, but is estimated using a signal transmitted by 
that communicating party, while processing delay is re- 
duced. 

[0125] In Embodiment 6, the number of transmission 
path estimation preamble symbols selected by a com- 

20 municating party is estimated using a correlation value 
between a received signal for that communicating party 
and an IFFT-processed transmission path estimation 
preamble. In this case, a processing delay time equiva- 
lent to one OFDM signal occurs. 

25 [0126] In the above embodiment, when a transmis- 
sion path estimation preamble whose number of sym- 
bols is 2 is used, the kind of format shown in FIG.5 is 
used. Recently, the kind of format shown in FIG.20 has 
been proposed as a format for use when a transmission 

30 path estimation preamble whose number of symbols is 
2 is used. FIG.20 is a schematic diagram illustrating a 
burst unit signal format in an OFDM communication ap- 
paratus according to Embodiment 9 of the present in- 
vention. 

35 [0127] As shown in FIG.20, the first transmission path 
estimation preamble symbol serves as a guard interval 
for the second transmission path estimation preamble 
symbol. Thus, it is not necessary to insert a guard inter- 
val between the first transmission path estimation pre- 

40 amble symbol and the second transmission path esti- 
mation preamble symbol. Therefore, in the format 
shown in FIG.20, unlike the format shown in FIG.5, two 
guard intervals are inserted together immediately before 
the first transmission path estimation preamble symbol. 

45 Thus, in this embodiment, a case is described where the 
kind of format shown in FIG.20 is used when using a 
transmission path estimation preamble whose number 
of symbols is 2. 

[0128] When a communicating party performs trans- 
so mission in accordance with the kind of format shown in 
FIG.20 (that is, when a transmission path estimation 
preamble whose number of symbols is 2 is inserted in 
a burst unit signal), a peak of a predetermined size oc- 
curs in correlation values between the received signal 
55 and guard intervals at a timing corresponding to the 
center of the guard intervals, as shown in FIG.20. On 
the other hand, when a communicating party performs 
transmission in accordance with the kind of format 
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shown in FIG.6 (that is, when a transmission path esti- 
mation preamble whose number of symbols is 1 is in- 
serted in a burst unit signal), the above-mentioned peak 
of a predetermined size does not occur in correlation 
values between the received signal and guard intervals. 
I n th is embodiment, the number of transmission path es- 
timation preamble symbols selected by a communicat- 
ing party is estimated using a correlation value between 
a received signal and guard interval. 
[0129] FIG.21 is a block diagram showing the config- 
uration of an OFDM communication apparatus accord- 
ing to Embodiment 9 of the present invention. Parts in 
FIG.21 identical to those in Embodiment 1 (FIG.3) are 
assigned the same codes as in FIG.3 and their detailed 
explanations are omitted. 

[0130] An OFDM communication apparatus accord- 
ing to this embodiment has a configuration wherein, in 
an OFDM communication apparatus according to Em- 
bodiment 1, the memory 114 is eliminated, a selection 
section 2001 is used instead of selection section 102, a 
selection section 2006 is used instead of selection sec- 
tion 111, a Gl insertion section 2002 and Gl insertion 
section 2007 are used instead of Gl insertion section 
105, and a selection section 2003, correlation section 
2004, and size comparison section 2005 are additionally 
provided. 

[0131] Selection section 2001 has the same kind of 
configuration as selection section 1 02 in Embodiment 1 
(FIG.3), except that it notifies the transmission path es- 
timation preamble selection result to selection section 
2003. 

[0132] Gl insertion section 2002 inserts guard inter- 
vals in a generated OFDM signal in accordance with the 
kind of format shown in FIG.20, and generates a trans- 
mit signal. Gl insertion section 2007 inserts guard inter- 
vals in a generated OFDM signal in accordance with the 
kind of format shown in FIG.6, and generates a transmit 
signal. 

[0133] Selection section 2003 selects an OFDM sig- 
nal with guard intervals inserted by Gl insertion section 
2007 or Gl insertion section 2002 as the transmit signal, 
based on the result of transmission path estimation pre- 
amble selection by selection section 2001 . 
[0134] The correlation section 2004 outputs a corre- 
lation value between the received signal from a synchro- 
nization section 1 08 and guard intervals. The size com- 
parison section 2005 compares a peak in correlation 
values calculated by the correlation section 2004 with a 
threshold value. Selection section 2006 has the same 
kind of configuration as selection section 111 in Embod- 
iment 1 , except that it outputs either a received signal 
from the synchronization section 1 08 or an averaged re- 
ceived signal from an averaging section 110 based on 
the result of a comparison by the size comparison sec- 
tion 2005. 

[0135] Next, the operation of an OFDM communica- 
tion apparatus that has the above configuration will be 
described, considering only points of difference from 



Embodiment 1 . In the transmitting system in this embod- 
iment, unlike Embodiment 1, information indicating the 
number of transmission path estimation preamble sym- 
bols selected by selection section 2001 is not sent to a 
5 communicating party either at the start of communica- 
tion or at predetermined time intervals. Also, the result 
of transmission path estimation preamble selection by 
selection section 2001 is output to selection section 
2003. 

w [0136] In Gl insertion section 2002, a transmit signal 
is generated by inserting guard intervals in an OFDM 
signal generated by an IFFT section 104 in accordance 
with the kind of format shown in FIG.20. In Gl insertion 
section 2007, a transmit signal is generated by inserting 

15 guard intervals in an OFDM signal generated by the 
IFFT section 1 04 in accordance with the kind of format 
shown in FIG.6. The guard interval inserted immediately 
before a transmission path estimation preamble in the 
format shown in FIG.20 is generated by providing two 

20 consecutive guard intervals inserted immediately before 
a transmission path estimation preamble in the format 
shown in FIG.6. 

[0137] In selection section 2003, the transmit signal 
generated by either Gl insertion section 2002 or Gl in- 

25 sertion section 2007 is selected as the transmit signal 
to be actually transmitted based on the result of trans- 
mission path estimation preamble selection by selection 
section 2001 . Specifically, when a transmission path es- 
timation preamble whose number of symbols is 2 (1 ) is 

30 selected by selection section 2001 , the transmit signal 
generated by Gl insertion section 2002 (Gl insertion 
section 2007) is selected as the transmit signal to be 
transmitted. The transmit signal selected by selection 
section 2003 undergoes predetermined transmission 

35 processing, and is then transmitted to the communicat- 
ing party via antenna 106. 

[0138] Meanwhile, in the receiving system, a correla- 
tion value between a received signal from the synchro- 
nization section 108 and a guard interval is calculated 

40 jn the correlation section 2004. It goes without saying 
that a guard interval here has the same signal pattern 
as a guard interval used by Gl insertion section 2007 or 
S/P conversion section 2002 in the transmitting system. 
[0139] In the size comparison section 2005, a peak in 

45 the correlation values calculated by the correlation sec- 
tion 2004 is compared with a threshold value. The result 
of the comparison is output to selection section 2006. In 
selection section 2006, the number of transmission path 
estimation preamble symbols is detected based on the 

so result of the comparison by the size comparison section 
2005. That is to say, when a peak of predetermined size 
occurs in the correlation values, it is recognized that the 
number of transmission path estimation preamble sym- 
bols is 2, and when a peak of predetermined size does 

55 not occur in the correlation values, it is recognized that 
the number of transmission path estimation preamble 
symbols is 1 . Subsequent operation by selection section 
2006 is the same as in Embodiment 1 , and a detailed 
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description is omitted here. 

[0140] Thus, in this embodiment, in the transmitting 
system the number of guard interval symbols ( in this 
embodiment, 1 or 2) inserted in a predetermined posi- 
tion in a burst unit signal (in this embodiment, in the lead- s 
ing part of the burst unit signal) is varied in accordance 
with the number of transmission path estimation pream- 
ble symbols selected according to channel quality. Also, 
in the receiving system, the number of transmission path 
estimation preamble symbols selected by a communi- 
cating party is estimated in accordance with the number 
of peaks of predetermined size in correlation values be- 
tween a received signal and guard intervals. By this 
means, transmission of information indicating the 
number of transmission path estimation preamble sym- 
bols is rendered unnecessary, thereby making it possi- 
ble to further prevent a fall in transmission efficiency. 
[0141] Moreover, as a correlation value with a re- 
ceived signal is calculated using guard intervals instead 
of transmission path estimation preambles, and the 
number of transmission path estimation preamble sym- 
bols selected by a communicating party is estimated us- 
ing the calculated correlation value, the processing de- 
lay time incurred can be reduced to a greater extent than 
in Embodiment 6. 

[0142] Furthermore, the total number of multipliers, 
adders, and delayers required to configure the correla- 
tion section 2004 (number of guard interval samples/2) 
can be made smaller than the total number of multipli- 
ers, adders, and delayers required to configure a syn- 
chronization section 1 08. 

(Embodiment 10) 

[01 43] I n this embodiment, a case is described where 
the number of transmission path estimation preamble 
symbols selected by a communicating party is not rec- 
ognized by means of notification from that communicat- 
ing party, but is estimated using a signal transmitted by 
that communicating party, while the apparatus scale is 
reduced. 

[0144] In Embodiment 9, the number of guard interval 
symbols inserted in a burst unit signal is varied in ac- 
cordance with the selected number of transmission path 
estimation preamble symbols. Therefore, in Embodi- 
ment 9, there is a possibility of processing in the trans- 
mitting system becoming complex. 
[0145] Thus, in this embodiment, the transmission 
path estimation preamble signal pattern inserted in a 
burst unit signal is varied in accordance with the select- 
ed number of transmission path estimation preamble 
symbols. 

[0146] FIG.22 is a block diagram showing the config- 
uration of an OFDM communication apparatus accord- 
ing to Embodiment 10 of the present invention. Parts in 
FIG.22 identical to those in Embodiment 1 (FIG.3) are 
assigned the same codes as in FIG.3 and their detailed 
explanations are omitted. 



[0147] An OFDM communication apparatus accord- 
ing to this embodiment has a configuration wherein, in 
an OFDM communication apparatus according to Em- 
bodiment 1, the memory 114 is eliminated, a selection 
section 21 01 is used instead of selection section 1 02, a 
synchronization section 2102 is used instead of syn- 
chronization section 108, a selection section 2105 is 
used instead of selection section 111 , and a correlation 
section 21 03 and size comparison section 21 04 are ad- 
ditionally provided. 

[0148] Selection section 2101 has the same kind of 
configuration as selection section 102 in Embodiment 
1 , except that it outputs either transmission path estima- 
tion preamble 1 or transmission path estimation pream- 
ble 3 to a conversion section 103 based on quality in- 
formation from a detection section 115. Here, transmis- 
sion path estimation preamble 3 has a signal length 
twice that of transmission path estimation preamble 1 
(that is, the same signal length as above-mentioned 
transmission path estimation preamble 2), and has a dif- 
ferent signal pattern from that of transmission path es- 
timation preamble 1 . Specifically, transmission path es- 
timation preamble 3 is generated by combining two sig- 
nals that have the same signal length as transmission 
path estimation preamble 1 and have different signal 
patterns. Here, the number of symbols of transmission 
path estimation preamble 1 is 1 , and the number of sym- 
bols of transmission path estimation preamble 3 is 2. 
[0149] The synchronization section 2102 has the 
same kind of configuration as synchronization section 
108 in Embodiment 1 , except that it does not only cal- 
culate a correlation value between a received signal and 
IFFT-processed transmission path estimation preamble 
1 , but also calculates a correlation value between the 
received signal and IFFT-processed transmission path 
estimation preamble 3, and detects the timing at which 
each correlation value is at a maximum. 
[0150] The correlation section 2103 calculates a cor- 
relation value between the received signal from syn- 
chronization section 2102 and transmission path esti- 
mation preamble 3. The size comparison section 2104 
compares a peak of predetermined size in correlation 
values calculated by the correlation section 2103 with a 
threshold value. Selection section 2105 has the same 
kind of configuration as selection section 111 in Embod- 
iment 1 , except that it outputs either a received signal 
from the synchronization section 2102 or an averaged 
received signal from the averaging section 110 based 
on the result of a comparison by the size comparison 
section 2104. 

[0151] Next, the operation of an OFDM communica- 
tion apparatus that has the above configuration will be 
described, considering only points of difference from 
Embodiment 1. In the transmitting system, when the 
quality of a demodulated signal in the receiving system 
is greater than or equal to a threshold value, transmis- 
sion path estimation preamble 1 is selected. Converse- 
ly, when the quality of a demodulated signal in the re- 
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ceiving system is less than the threshold value, trans- 
mission path estimation preamble 3 is selected. The se- 
lected transmission path estimation preamble is output 
to the conversion section 103. 

[0152] Meanwhile, in the receiving system, a correla- 5 
tion value between the received signal and transmission 
path estimation preamble 1 and a correlation value be- 
tween the received signal and transmission path esti- 
mation preamble 3 are calculated by the synchroniza- 
tion section 2102. Also, the timing at which each calcu- 
lated correlation value is at a maximum is detected. By 
this means, the timing at which a correlation value is at 
a maximum is detected when either transmission path 
estimation preamble 1 or transmission path estimation 
preamble 3 is inserted in a received signal. The detected 
timings are output to a timing generation section 109. 
[0153] In the correlation section 2103, a correlation 
value between the received signal from the correlation 
section 2.1 03 and the transmission path estimation pre- 
amble is calculated. Here, when transmission path es- 
timation preamble 3 is used by the communicating party, 
a peak of a predetermined size occurs in calculated cor- 
relation values. Conversely, when transmission path es- 
timation preamble 1 is used by the communicating party, 
a peak of a predetermined size does not occur in calcu- 
lated correlation values. The calculated correlation val- 
ue is output to the size comparison section 21 04. 
[0154] In the size comparison section 21 04, a peak in 
correlation values calculated by the correlation section 
21 03 is compared with a threshold value. The result of 
the comparison is output to selection section 2105. 
[0155] In selection section 2105, the number of trans- 
mission path estimation preamble symbols (that is, the 
transmission path estimation preamble used by the 
communicating party) is detected based on the result of 
the comparison by the size comparison section 2104. 
That is to say, when a peak of a predetermined size oc- 
curs in the correlation values, it is recognized that the 
number of transmission path estimation preamble sym- 
bols is 2 (that is, that transmission path estimation pre- 
amble 3 has been used by the communicating party), 
and when a peak of a predetermined size does not occur 
in the correlation values, it is recognized that the number 
of transmission path estimation preamble symbols is 1 
(that is, that transmission path estimation preamble 1 
has been used by the communicating party). Subse- 
quent operation by selection section 2105 is the same 
as in Embodiment 1 , and a detailed description is omit- 
ted here. 

[0156] Thus, in this embodiment, in the transmitting 
system the transmission path estimation preamble sig^ 
nal pattern inserted in a burst unit signal is varied in ac- 
cordance with the number of transmission path estima- 
tion preamble symbols selected according to channel 
quality. Also, in the receiving system, a correlation value 
between a transmission path estimation preamble sig- 
nal pattern used in the transmitting system (in this em- 
bodiment transmission path estimation preamble 3 is 



used, but it is also possible for transmission path esti- 
mation preamble 1 to be used) and a received signal is 
calculated, and the transmission path estimation pream- 
ble selected by the communicating party is estimated 
based on the number of peaks of predetermined size in 
the calculated correlation values. 
[0157] By this means, transmission of information in- 
dicating the number of transmission path estimation pre- 
amble symbols is rendered unnecessary, thereby mak- 
ing it possible to further prevent a fall in transmission 
efficiency. Moreover, the guard interval insertion method 
in the transmitting system is unrelated to the selected 
number of transmission path estimation preamble sym- 
bols, and therefore the apparatus configuration can be 
simplified compared with Embodiment 9. 

(Embodiment 11) 

[0158] In this embodiment, a case is described, with 
reference to FIG.23 and FIG.24, where the correlator in 
Embodiment 1 through Embodiment 10 is configured 
without using multipliers, thus reducing the circuit scale. 
FIG.23 is a block diagram showing a sample configura- 
tion of a correlator used in an OFDM communication ap- 
paratus, and FIG.24 is a block diagram showing the con- 
figuration of the correlator used in an OFDM communi- 
cation apparatus according to Embodiment 11 of the 
present invention. In FIG.23 and FIG.24, the input signal 
corresponds to a received signal from an antenna 107, 
and coefficient 1 through coefficient k correspond to an 
IFFT-processed transmission path estimation pream- 
ble. 

[0159] As shown in FIG.23, multipliers are predomi- 
nant in the configuration of a correlator used in Embod- 
iment 1 through Embodiment 10 above. Configuring a 
correlator that does not use multipliers is effective in re- 
ducing the circuit scale of the correlator. 
[0160] An IFFT-processed transmission path estima- 
tion preamble is a multicarrier signal, and therefore its 
polarity varies abruptly according to the sample point. 
Thus, signals obtained by means of a hard decision of 
an IFFT-processed transmission path estimation pre- 
amble can be used as coefficient 1 through coefficient k. 
[0161] In FIG.24, determination section 2303-n (n = 1 
to k) performs a hard decision on coefficient n in an IFFT- 
processed transmission path estimation preamble, and 
outputs the hard decision result to selection section 
2302-n. 

[0162] A received signal delayed by delay section 
2201 -(n-1) and a signal produced by polarity inversion 
of this delayed received signal by polarity inversion sec- 
tion 2301 -n (hereinafter referred to as "inverted-polarity 
signal") are input to selection section 2302-n. However, 
a received signal that has not been delayed is input to 
delay section 2201-1 . Each delay section (in FIG.24, de- 
lay section 2201-1 and delay section 2201 -2) delays the 
received signal by a predetermined time. 
[0163] When the hard decision resultfrom determina- 
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tion section 2303-n is "1", selection section 2302-n out- 
puts the received signal delayed by delay section 
2201 -(n-1) to addition section 2203-(n-1). Conversely, 
when the hard decision result from determination sec- 
. tion 2303-n is "0", selection section 2302-n outputs the 5 
inverted-polarity signal from polarity inversion section 
2301 -n to addition section 2203-(n-1). 
[0164] Addition section 2203-n adds the signal select- 
ed by selection section 2302-n and the signal selected 
by selection section 2302-(n+1). Also, addition section 
2203-n (n*k) outputs the signal resulting from the addi- 
tion to addition section 2203-(n+1). However, addition 
section 2203-(k-1) outputs the signal resulting from the 
addition as the correlation result. 
[0165] Thus, according to this embodiment, a corre- 
lator is configured without using multipliers, thus ena- 
bling the apparatus scale to be reduced compared with 
Embodiment 1 through Embodiment 10. 

(Embodiment 12) 

[01 66] In this embodiment, a case is described where 
OFDM-CDMA communication is applied to Embodiment 
1 through Embodiment 10. OFDM-CDMA communica- 
tion can be applied to any of Embodiments 1 through 
10. In this embodiment, a case where OFDM-CDMA 
communication is applied to Embodiment 1 will be de- 
scribed as an example, with reference to FIG.25. 
[0167] FIG.25 is a block diagram showing the config- 
uration of an OFDM communication apparatus accord- 
ing to Embodiment 12 of the present invention. Parts in 
FIG.25 identical to those in Embodiment 1 (FIG.3) are 
assigned the same codes as in FIG.3 and their detailed 
explanations are omitted. 

[0168] In the transmitting system, a serial/parallel 
conversion section (hereinafter referred to as "S/P sec- 
tion") 2401 converts an information signal that has un- 
dergone modulation processing from a single-sequence 
signal to a plurality of sequences of signals. For the sake 
of simplicity, the number of sequences will be designat- 
ed n. Sequence 1 through sequence n signals are output 
to sequence-specific spreading sections 2402. Spread- 
ing sections 2402 perform spreading processing on se- 
quence 1 through sequence n signals using spreading 
code 1 through spreading code n respectively. An addi- 
tion section 2403 multiplexes sequence 1 through se- 
quence n signals that have undergone spreading 
processing. By this means a code-multiplexed signal 
(hereinafter referred to as "multiplex signal") is obtained. 
The multiplex signal is output to a conversion section 
103. 

[0169] An S/P section 2404 decomposes the signal 
from the conversion section 1 03 (a multiplex signal from 
the addition section 2403 or a transmission path estima- 
tion preamble from a selection section 1 02) for each de- 
spread signal (that is, on a chip-by-chip basis) and gen- 
erates a plurality of sequences of signals equivalent to 
the spreading ratio (k). That is to say, S/P section 2404 



generates a first chip through k'th chip of the signal from 
the conversion section 103 as a plurality of sequences 
of signals. 

[0170] An IFFT section 1 04 performs frequency divi- 
sion multiplexing processing by executing IFFT 
processing on the first chip through k'th chip of the signal 
from the conversion section 1 03. That is to say, the IFFT 
section 104 generates an OFDM signal in which the 
above-mentioned first chip through klh chip are super- 
imposed on subcarrier 1 through subcarrier k respec- 
tively. The generated OFDM signal is output to a Gl in- 
sertion section 105. 

[0171] Meanwhile, in the receiving system, an FFT 
section 1 1 2 extracts signals transmitted by subcarrier 1 
through subcarrier k by performing FFT processing on 
a received signal from a selection section 1 1 1 based on 
a timing signal generated by a timing generation section 
109. Transmission path compensation sections 2405 
perform transmission path compensation processing on 
signals transmitted by subcarrier 1 through subcarrier 
k. Details of this transmission path compensation 
processing will be given later herein. 
[0172] A parallel/serial conversion section (hereinaf- 
ter referred to as "P/S section") 2406 converts a plurality 
of sequences of signals that have undergone transmis- 
sion path compensation (that is, signals transmitted by 
subcarrier 1 through subcarrier k) to a single-sequence 
signal, and outputs this to despreading sections 2407. 
That is to say, P/S section 2406 outputs the first chip in 
the signal from each transmission path compensation 
section 2405 in time t1 , and outputs the k'th chip in that 
signal in time tk. 

[0173] Despreading sections 2407 generate demod- 
ulated signal 1 through demodulated signal n by per- 
forming despreading processing on the single-se- 
quence signal from P/S section 2406 using despreading 
code 1 through spreading code n respectively. A P/S 
section 2408 converts demodulated signal 1 through de- 
modulated signal n (that is, a plurality of sequences of 
signals) from despreading sections 2407 to a single-se- 
quence signal, and output this to a demodulation section 
113 as a demodulated signal. 
[0174] Next, details of the transmission path compen- 
sation section 2405 will be given with reference to FIG. 
26 through FIG.28. FIG.26 is a schematic diagram illus- 
trating reception levels of signals transmitted by each 
subcarrier in an OFDM communication apparatus ac- 
cording to Embodiment 12 of the present invention ( first 
example), FIG.27 is a schematic diagram illustrating re- 
ception levels of signals transmitted by each subcarrier 
in an OFDM communication apparatus according to 
Embodiment 1 2 of the present invention (second exam- 
ple), and FIG.28 is a block diagram showing the config- 
uration of the transmission path compensation section 
2405 in an OFDM communication apparatus according 
to Embodiment 12 of the present invention. 
[0175] In a normal OFDM system, when transmission 
path compensation is performed, phase and amplitude 
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compensation is carried out for signals transmitted by 
each subcarrier. However, in an OFDM-CDMA system, 
each chip (here, the first chip through kth chip) of a 
code-division-multiplexed signal (here, multiplex signal) 
is superimposed on a different subcarrier. Therefore, if 
phase and amplitude compensation is carried out for 
signals transmitted by each subcarrier, a frequency di- 
versity effect is no longer obtained. 
[0176] On the other hand, when only phase compen- 
sation is carried out for signals transmitted by each sub- 
carrier, orthogonality is lost between spreading codes. 
It therefore becomes necessary to decrease the level of 
code multiplexing (that is, the total number of signals 
multiplexed by the addition section 2403 in FIG .25), and 
consequently spectral efficiency falls. As explained 
above, in an OFDM-CDMA system it is difficult to per- 
form the transmission path compensation used in a nor- 
mal OFDM system. 

[0177] Thus, in this embodiment, it is determined 
whether phase compensation only, or phase and ampli- 
tude compensation, is to be performed on signals trans- 
mitted by each subcarrier, in accordance with the recep- 
tion level (for example, the average reception level) of 
signals transmitted by each subcarrier. Specifically, 
when the above-mentioned reception level is greater 
than or equal to a threshold value (FIG.27), phase and 
amplitude compensation is performed on signals trans- 
mitted by each subcarrier, and, conversely, when that 
reception level is less than the threshold value (FIG.27), 
only phase compensation is performed on signals trans- 
mitted by each subcarrier. By this means, it is possible 
to achieve both an improvement in frequency diversity 
effect and an improvement in spectral efficiency. In a 
normal OFDM system, a plurality of signals cannot be 
multiplexed in a signal transmitted by one subcarrier, 
and therefore the above-described effects cannot be ob- 
tained. 

[0178] A transmission path compensation circuit ac- 
cording to this embodiment will now be described with 
reference to FIG.28. Here, of the k transmission path 
compensation circuits provided, the transmission path 
compensation circuit that performs transmission path 
compensation for the signal transmitted by subcarrier k 
will be considered as an example. A post-FFT signal- 
that is, a signal transmitted by subcarrier k-is output to 
a power calculation section 2701 , amplitude calculation 
section 2702, multiplication section 2706, and multipli- 
cation section 2707. The power calculation section 2701 
calculates the power of the signal transmitted by sub- 
carrier k, and outputs the calculated power to a size 
comparison section 2703 and selection section 2704. 
The amplitude calculation section 2702 calculates the 
amplitude of the signal transmitted by subcarrier k, and 
outputs the calculated amplitude to the selection section 
2704. 

[0179] The size comparison section 2703 compares 
the power (for example, average power) calculated by 
the power calculation section 2701 with a threshold val- 



ue, and outputs the result of the comparison to the se- 
lection section 2704. Based on the result of the compar- 
ison by the size comparison section 2703, the selection 
section 2704 outputs either the power calculated by the 
s power calculation section 2701 or the amplitude calcu- 
lated by the amplitude calculation section 2702 to a di- 
vision section 2705. Specifically, the selection section 
2704 outputs the power calculated by the power calcu- 
lation section 2701 to the division section 2705 when 
that power is greater than or equal to a threshold value, 
and conversely, outputs the amplitude calculated by the 
amplitude calculation section 2702 to the division sec- 
tion 2705 when the above-mentioned power is less than 
the threshold value. 

[0180] Multiplication section 2706 performs multipli- 
cation of the signal transmitted by subcarrier k and the 
transmission path estimation preamble, by which 
means a transmission path estimation result is obtained. 
The obtained transmission path estimation result is out- 
put to the division section 2705. 
[01 81 ] The division section 2705 performs division on 
the transmission path estimation result from multiplica- 
tion section 2706 using the calculated amplitude or pow- 
er from the selection section 2704. The result of the di- 
vision is output to multiplication section 2707. Multipli- 
cation section 2707 multiplies the signal transmitted by 
subcarrier k by the result of the division by the division 
section 2705. By this means a signal that has undergone 
transmission path compensation is obtained. 
[0182] As explained above, it is possible to apply 
OFDM-CDMAcommunicationto Embodiment 1 through 
Embodiment 10. In this case, it is possible to achieve 
both an improvement in frequency diversity effect and 
an improvement in spectral efficiency by performing on- 
ly phase compensation, or phase and amplitude com- 
pensation, for a signal transmitted by a predetermined 
subcarrier, in accordance with the reception level of the 
signal transmitted by that predetermined subcarrier. 
[0183] An OFDM communication apparatus accord- 
ing to the above embodiments can be installed in a com- 
munication terminal apparatus and base station appa- 
ratus in a digital mobile communication system. By this 
means, that communication terminal apparatus and 
base station apparatus can achieve both an improve- 
ment in demodulated signal error rate characteristics 
and an improvement in information signal transmission 
efficiency, thus enabling good communication to be per- 
formed efficiently. 

[0184] In the above embodiments, a case has been 
described where the present invention is applied to an 
OFDM communication apparatus that executes inverse 
fast Fourier transform (IFFT) processing on the trans- 
mitting side and also executes fast Fourier transform 
(FFT) processing on the receiving side, but the present 
invention can also be applied to an OFDM communica- 
tion apparatus that executes inverse discrete Fourier 
transform (IDFT) processing on the transmitting side 
and also executes discrete Fourier transform (DFT) 
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processing on the receiving side. The key point is that 
the present invention can be widely applied to OFDM 
communication apparatuses that perform inverse Fou- 
rier transform processing on the transmitting side and 
perform Fourier transform processing on the receiving 
side. 

[0185] The present invention is not limited to the 
above-described embodiments, and various variations 
and modifications may be possible without departing 
from the scope of the present invention. 
[0186] An OFDM communication apparatus of the 
present invention has a configuration comprising deter- 
mining section that determine a number of known sig- 
nals for transmission path estimation to be inserted in a 
transmit signal based on channel quality with respect to 
a communicating party, and generating section that per- 
form inverse Fourier transform processing on an infor- 
mation signal and the number of known signals fortrans- 
mission path estimation determined by the determining 
section and generating a transmit signal for the commu- 
nicating party. 

[0187] An OFDM communication apparatus of the 
present invention has a configuration wherein determin- 
ing section estimates a deterioration factor for a demod- 
ulated signal at a communicating party using channel 
quality with respect to the communicating party, and de- 
termines a number of known signals for transmission 
path estimation based on the estimated deterioration 
factor. 

[01 88] According to these configurations, it is possible 
to achieve both an improvement in demodulated signal 
error rate characteristics and an improvement in infor- 
mation signal transmission efficiency. 
[0189] An OFDM communication apparatus of the 
present invention has a configuration wherein determin- 
ing section detects channel quality with respect to a 
communicating party using a reception level in the 
OFDM communication apparatus itself or a reception 
level at the communicating party. 
[0190] An OFDM communication apparatus of the 
present invention has a configuration wherein determin- 
ing section detects channel quality with respect to a 
communicating party using received signal delay vari- 
ance in the OFDM communication apparatus itself or re- 
ceived signal delay variance at the communicating par- 
ty. 

[0191] An OFDM communication apparatus of the 
present invention has a configuration further comprising 
delay variance detecting section that detect received 
signal delay variance, wherein determining section de- 
tects channel quality with respect to a communicating 
party using the result of normalizing received signal de- 
lay variance in the OFDM communication apparatus it- 
self according to the level of the received signal, or the 
result of normalizing received signal delay variance at 
a communicating party according to the level of the re- 
ceived signal at the communicating party. 
[0192] According to these configurations, channel 



quality with respect to a communicating party can be de- 
tected reliably, and it is therefore possible to achieve 
both an improvement in demodulated signal error rate 
characteristics and an improvement in information sig- 
5 nal transmission efficiency. 

[0193] An OFDM communication apparatus of the 
present invention has a configuration wherein determin- 
ing section determines a number of known signals for 
transmission path estimation based on the total number 
io of communicating parties. 

[0194] According to this configuration, by increasing 
the number of known signals for transmission path es- 
timation inserted in a transmit signal for a predetermined 
communicating party when the total number of commu- 
15 nicating parties actually performing communication is 
small, it is possible to reduce time slots not used forcom- 
munication in each frame, and it is also possible to im- 
prove demodulated signal error rate characteristics for 
the predetermined communicating party. Conversely, by 
20 decreasing the number of known signals for transmis- 
sion path estimation inserted in a transmit signal for a 
predetermined communicating party when the total 
number of communicating parties actually performing 
communication is large, it is possible to increase the to- 
25 tal number transmit signals contained in each frame, 
and so improve transmission efficiency. It is therefore 
possible to achieve both an improvement in demodulat- 
ed signal error rate characteristics and an improvement 
in information signal transmission efficiency. 
30 [0195] An OFDM communication apparatus of the 
present invention has a configuration wherein determin- 
ing section determines a number of known signals for 
transmission path estimation to be inserted in a transmit 
signal based on a communication channel used for 
35 transmission of the transmit signal to a communicating 
party. 

[0196] According to this configuration, it is possible to 
improve the demodulated signal error rate in a specific 
channel for which better communication quality is re- 
40 quired with almost no effect on overall transmission ef- 
ficiency. 

[0197] An OFDM, communication apparatus of the 
present invention has a configuration wherein determin- 
ing section increases the number of known signals for 
45 transmission path estimation on a fixed basis when 
channel quality with respect to a communicating party 
is poor. 

[0198] According to this configuration, it is possible to 
identify reliably the number of known signals for trans- 
50 mission path estimation contained in a received signal, 
and so to prevent deterioration of demodulated signal 
error rate characteristics. 

[0199] An OFDM communication apparatus of the 
present invention has a configuration comprising receiv- 
55 jng section that receive a transmit signal obtained by 
performing inverse Fourier transform processing of a 
signal containing a number of known signals for trans- 
mission path estimation determined in accordance with 
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channel quality with respect to a communicating party, 
detecting section that detect the number of known sig- 
nals for transmission path estimation inserted in the 
transmit signal based on correlation values between a 
received signal and known signals for transmission path 
estimation that have undergone inverse Fourier trans- 
form processing, and demodulating section that perform 
transmission path compensation on the received signal 
based on the number of known signals for transmission 
path estimation detected by the detecting section and 
demodulating the received signal. 
[0200] According to this configuration, the number of 
known signals for transmission path estimation selected 
by a communicating party is not identified by section of 
notification from the communicating party, but is esti- 
mated by section of a correlation value calculated using 
a signal transmitted by the communicating party. By this 
section, transmission of information indicating the 
number of known signals for transmission path estima- 
tion is rendered unnecessary, thereby making it possible 
to further prevent a fall in transmission efficiency. 
[0201] An OFDM communication apparatus of the 
present invention has a configuration comprising receiv- 
ing section that receive a transmit signal obtained by 
performing inverse Fourier transform processing of a 
signal containing a number of known signals for trans- 
mission path estimation determined in accordance with 
channel quality with respect to a communicating party, 
detecting section that detect the number of known sig- 
nals for transmission path estimation inserted in the 
transmit signal based on the received signal reception 
level, and demodulating section that perform transmis- 
sion path compensation on the received signal based 
on the number of known signals for transmission path 
estimation detected by the detecting section and de- 
modulating the received signal. 
[0202] According to this configuration, the number of 
known signals for transmission path estimation selected 
by a communicating party is not identified by section of 
notification from the communicating party, but is esti- 
mated based on the reception level of a signal transmit- 
ted by the communicating party. By this means, trans- 
mission of information indicating the number of known 
signals for transmission path estimation is rendered un- 
necessary, thereby making it possible to further prevent 
a fall in transmission efficiency. 
[0203] An OFDM communication apparatus of the 
present invention has a configuration wherein generat- 
ing section inserts guard intervals based on a number 
determined by determining section in predetermined po- 
sitions in a transmit signal. 

[0204] An OFDM communication apparatus of the 
present invention has a configuration comprising detect- 
ing section that detect, based on correlation values be- 
tween a received signal for a transmit signal of the 
OFDM communication apparatus and guard intervals, 
the number of known signals for transmission path es- 
timation inserted in the transmit signal, and demodulat- 



ing section that perform transmission path compensa- 
tion on the received signal based on the number of 
known signals fortransmission path estimation detected 
by the detecting section and demodulating the received 
5 signal. 

[0205] According to these configurations, in the trans- 
mitting system, the number of guard intervals inserted 
in predetermined positions in a transmit signal is varied 
in accordance with the number of known signals for 
transmission path estimation selected according to 
channel quality. Also, in the receiving system, the 
number of known signals for transmission path estima- 
tion selected by a communicating party is estimated in 
accordance with the number of peaks of predetermined 
size in correlation values between a received signal and 
guard intervals. By this means, transmission of informa- 
tion indicating the number of known signals for trans- 
mission path estimation is rendered unnecessary, there- 
by making it possible to further prevent a fall in trans- 
mission efficiency. 

[0206] An OFDM communication apparatus of the 
present invention has a configuration wherein generat- 
ing section varies the signal pattern of a known signal 
for transmission path estimation based on a number de- 
termined by determining section. 
[0207] An OFDM communication apparatus of the 
present invention has a configuration comprising detect- 
ing section that detect, based on correlation values be- 
tween a received signal for a transmit signal of the 
OFDM communication apparatus and signals resulting 
from inverse Fouriertransform processing of known sig- 
nals for transmission path estimation used by generat- 
ing section, the number of known signals for transmis- 
sion path estimation inserted in the transmit signal, and 
demodulating section that perform transmission path 
compensation on the received signal based on the 
number of known signals for transmission path estima- 
tion detected by the detecting section and demodulating 
the received signal. 

[0208] According to these configurations, in the trans- 
mitting system, the signal pattern of a known signal for 
transmission path estimation inserted in a transmit sig- 
nal is varied in accordance with the number of known 
signals for transmission path estimation selected based 
on channel quality. Also, in the receiving system, a cor- 
relation value between the signal pattern of a known sig- 
nal fortransmission path estimation used in the trans- 
mitting system and a received signal is calculated, and 
the known signal for transmission path estimation se- 
lected by a communicating party is estimated in accord- 
ance with the number of peaks of predetermined size in 
calculated correlation values. By this means, transmis- 
sion of information indicating the number of known sig- 
nals fortransmission path estimation is rendered unnec- 
essary, thereby making it possible to further prevent a 
fall in transmission efficiency. 

[0209] An OFDM communication apparatus of the 
present invention has a configuration wherein generat- 
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ing section comprises converting section that convert an 
information signal from a single-sequence signal to a 
plurality of sequences of signals, spreading section that 
perform spreading processing on the signal of each se- 
quence using mutually different spreading codes, and 
multiplexing section that multiplies sequences of signals 
that have undergone spreading processing and gener- 
ating a multiplex signal; and inverse Fourier transform 
processing is performed using the generated multiplex 
signal and the number of known signals fortransmission 
path estimation determined by determining section. 
[0210] According to this configuration, the above-de- 
scribed OFDM communication apparatus can also be 
applied to OFDM-CDMA communications. 
[0211 J A communication terminal apparatus of the 
present invention has a configuration provided with an 
above-described OFDM communication apparatus. A 
base station apparatus of the present invention has a 
configuration provided with an above-described OFDM 
communication apparatus. 

[0212] According to these configurations, by incorpo- 
rating an OFDM communication apparatus that 
achieves both an improvement in demodulated signal 
error rate characteristics and an improvement in infor- 
mation signal transmission efficiency, it is possible to 
provide a communication terminal apparatus and base 
station apparatus that enable good communication to 
be performed efficiently. 

[0213] An OFDM communication method of the 
present invention comprises a determining step of de- 
termining a number of known signals for transmission 
path estimation to be inserted in a transmit signal based 
on channel quality with respect to a communicating par- 
ty, and a generating step of performing inverse Fourier 
transform processing on an information signal and the 
number of known signals for transmission path estima- 
tion determined in the determining step and generating 
a transmit signal for the communicating party. 
[0214] In an OFDM communication method of the 
present invention, a determining step estimates a dete- 
rioration factor for a demodulated signal at a communi- 
cating party using channel quality with respect to the 
communicating party, and determines a number of 
known signals for transmission path estimation based 
on the estimated deterioration factor. 
[0215] According to these met hods, it is possible to 
achieve both an improvement in demodulated signal er- 
ror rate characteristics and an improvement in informa- 
tion signal transmission efficiency. 
[0216] As described above, an OFDM communication 
apparatus of the present invention can achieve both an 
improvement in demodulated signal error rate charac- 
teristics and an improvement in information signal trans- 
mission efficiency. 

[0217] This application is based on Japanese Patent 
Application No.2000-351766 filed on November 17, 
2000, entire contents of which are expressly incorporat- 
ed by reference herein. 



Industrial Applicability 

[0218] The present invention is applicable to cases 
where coherent detection is performed by an OFDM 
5 communication apparatus. 



Claims 

10 1 . An OFDM communication apparatus comprising: 

determining section that determine a number of 
known signals fortransmission path estimation 
to be inserted in a transmit signal based on 
15 channel quality with respect to a communicat- 

ing party; and 

generating section that perform inverse Fourier 
transform processing on an information signal 
and a number of known signals fortransmission 
20 path estimation determined by said determin- 

ing section and generating a transmit signal for 
said communicating party. 

2. The OFDM communication apparatus according to 
25 claim 1 , wherein said determining section estimates 

a deterioration factor for a demodulated signal at a 
communicating party using channel quality with re- 
spect to said communicating party, and determines 
a number of known signals fortransmission path es- 
30 timation based on an estimated deterioration factor. 

3. The OFDM communication apparatus according to 
claim 1, wherein said determining section detects 
channel quality with respect to a communicating 

35 party using a reception level in the OFDM commu- 
nication apparatus itself or a reception level at said 
communicating party. 

4. The OFDM communication apparatus according to 
40 claim 3, further comprising delay variance detecting 

section that detect received signal delay variance; 

wherein said determining section detects 
channel quality with respect to a communicating 
party using received signal delay variance in the 
^5 OFDM communication apparatus itself or received 
signal delay variance at said communicating party. 

5. The OFDM communication apparatus according to 
claim 4, wherein said determining section detects 

50 channel quality with respect to a communicating 
party using a result of normalizing received signal 
delay variance in the OFDM communication appa- 
ratus itself according to a level of said received sig- 
nal, or a result of normalizing received signal delay 

55 variance at a communicating party according to a 
level of said received signal at said communicating 
party. 
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6. The OFDM communication apparatus according to 
claim 1, wherein said determining section deter- 
mines a number of. known signals for transmission 
path estimation based on a total number of commu- 
nicating parties. 

7. The OFDM communication apparatus according to 
claim 1, wherein said determining section deter- 
mines a number of known signals for transmission 
path estimation to be inserted in a transmit signal 
based on a communication channel used for trans- 
mission of said transmit signal to a communicating 
party. 

8. The OFDM communication apparatus according to 
claim 1 , wherein said determining section increases 
a number of known signals fortransmission path es- 
timation on a fixed basis when channel quality with 
respect to a communicating party is poor. 

9. An OFDM communication apparatus comprising: 

receiving section that receive a transmit signal 
obtained by performing inverse Fourier trans- 
form processing of a signal containing a 
number of known signals fortransmission path 
estimation determined in accordance with 
channel quality with respect to a communicat- 
ing party; 

detecting section that detect a number of 
known signals fortransmission path estimation 
inserted in said transmit signal based on corre- 
lation values between a received signal and 
known signals fortransmission path estimation 
that have undergone inverse Fourier transform 
processing; and 

demodulating section that perform transmis- 
sion path compensation on said received signal 
based on a number of known signals fortrans- 
mission path estimation detected by said de- 
tecting section and demodulating said received 
signal. 

10. An OFDM communication apparatus comprising: 

receiving section that receive a transmit signal 
obtained by performing inverse Fourier trans- 
form processing of a signal containing a 
number of known signals fortransmission path 
estimation determined in accordance with 
channel quality with respect to a communicat- 
ing party; 

detecting section that detect a number of 
known signals fortransmission path estimation 
inserted in said transmit signal based on a re- 
ceived signal reception level; and 
demodulating section that perform transmis- 
sion path compensation on said received signal 



based on a number of known signals fortrans- 
mission path estimation detected by said de- 
tecting section and demodulating said received 
signal. 

5 

11. The OFDM communication apparatus according to 
claim 1, wherein said generating section inserts 
guard intervals based on a number determined by 
said determining section in predetermined positions 

10 jn a transmit signal. 

12. An OFDM communication apparatus comprising: 

detecting section that detect, based on corre- 
15 lation values between a received signal for a 

transmit signal of the OFDM communication 
apparatus according to claim 11 and guard in- 
tervals, a number of known signals for trans- 
mission path estimation inserted in said trans- 
20 mit signal; and 

demodulating section that perform transmis- 
sion path compensation on said received signal 
based on a number of known signals fortrans- 
mission path estimation detected by said de- 
25 tecting section and demodulating said received 

signal. 

13. The OFDM communication apparatus according to 
claim 1 , wherein said generating section varies a 

so signal pattern of a known signal for transmission 
path estimation based on a number determined by 
said determining section. 

14. An OFDM communication apparatus comprising: 

35 

detecting section that detect, based on corre- 
lation values between a received signal for a 
transmit signal of the OFDM communication 
apparatus according to claim 13 and signals re- 

40 suiting from inverse Fourier transform process- 

ing of known signals fortransmission path es- 
timation used by said generating section, a 
number of known signals for transmission path 
estimation inserted in said transmit signal; and 

45 demodulating section that perform transmis- 

sion path compensation on said received signal 
based on a number of known signals fortrans- 
mission path estimation detected by said de- 
tecting section and demodulating said received 

so signal. 

15. The OFDM communication apparatus according to 
any one of claims 1 to 14, wherein said generating 
section comprises: 

55 

converting section that convert an information 
signal from a single-sequence signal to a plu- 
rality of sequences of signals; 
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spreading section that perform spreading 
processing on a signal of each sequence using 
mutually different spreading codes; and 
multiplexing section that multiplies sequences 
of signals that have undergone spreading 5 
processing and generating a multiplex signal; 
and wherein inverse Fourier transform 
processing is performed using a generated 
multiplex signal and a number of known signals 
for transmission path estimation determined by io 
said determining section. 

16. A communication terminal apparatus provided with 
the OFDM communication apparatus according to 
claim 1 . 15 

17. A base station apparatus provided with the OFDM 
communication apparatus according to claim 1. 

18. An OFDM communication method comprising: 20 

a determining step of determining a number of 
known signals for transmission path estimation 
to be inserted in a transmit signal based on 
channel quality with respect to a communicat- 25 
ing party; and 

a generating step of performing inverse Fourier 
transform processing on an information signal 
and a number of known signals for transmission 
path estimation determined in said determining 30 
step and generating a transmit signal for said 
communicating party. 

19. The OFDM communication method according to 
claim 18, wherein said determining step estimates 35 
a deterioration factor for a demodulated signal at a 
communicating party using channel quality with re- 
spect to said communicating party, and determines 

a number of known signals fortransmission path es- 
timation based on an estimated deterioration factor. 40 
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